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ABSTRACT

This paper describes simplified mathematical models of
the Space Transportation System (STS) Reaction Control Sys-
tem (RCS) and Digital Autopilot (DAP) used in the USAFA
Proximity Operations Simulator for the VAX 11/780 and the
Evans and Sutherland PS 300 computers. Included in the
modeling are propellant expenditures for translational
maneuvers, rotational maneuvers, and attitude maintenance
and on-orbit trajectory deviations induced by RCS cross cou-
pling. This simulator serves as a learning aid for cadets
studying orbital dynamics and STS mission planning and as a
research platform for the Department of Astronautics.
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1. INTRODUCTION

The Space Transportation System (STS) Proximity Opera-
ticns Simulator i a nine degrees-of-freedom trajectory
integrator (six degrees of freedom for the STS and three
degrees of freedom for the target) which generates digital
and graphical data to describe and record relative motion of
the STS Orbiter and a free-flying payload. This motion is
obtained by applying the Clohessy-Wiltshire equations for
terminal rendezvous/docking with the earth modeled as a uni-
form sphere (Appendix B) and aerodynamic forces ignored.
STS position relative to target is computed by a first-order
Euler integrator which uses quaternione to define the rota-
tional state {Appendix C).

The payload is modeled as a spinning Communications
satellite. The Orbiter is treated as a rigid body whose
mass properties (gross weight, moments and products of iner-
tia, and center of gravity location) are set by Program
THRUSTERS and automatically read in at the beginning of the
simulation. These properties remain constant for the entire
simulation.

‘iﬂ The initial state of the simulation is defined by the
user. The program requires altitude and inclination of tar-
get orbit to determine proper viewing perspective and orbi-
ta. dynamics. The user must also input Orbiter position
relative to payload. The program sets relative velocity and
rotation rates to zero and defines initial Orbiter attitude
such that the payload hay faces the target with the Orbhiter
nose pointed away from the earth. The user also has the
option of multiplying shuttle responsiveness to facilitate
proximity operations training. Digital Autopilot (DAP)
parameters are predefined and cannot be changed by the user.

After program initialization, user inputs are made .
through the hand controllers and DAP panel located in the >
Shuttle Aft Flight Deck Mockup. The left controller is the
Translational Hand Controller (THC) and is used for posi-
tioning. The right hand controller is the Rotational Hand
Controller (RHC) and controls Orbiter attitude. Cross-
coupling accelerations are fully modeled in the simulation.
The program reads inputs from the mockup and updates posi-
tion and attitude every 40 milliseconds and monitors fuel
expended from each tank. Every ten seconds Orbiter position
is written to data file STS.TRK should the user wish to view
his flightpath at the completion of the simulation using
Program STSPATH.
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2. RCS ACCELERATION MODELING

‘ (This chapter is taken largely from chapters 3 & 4 of
Reference 1)

Table 1 contains the data used by program THRUSTERS to
compute forces and torques produced by individual RCS jets
(with plume impingement). The left column contains array
index numbers used for thruster identification. The second
column contains jet identification mnemonics (not used in
actual program). The next three columns contain thrust com-
ponents in Orbiter body axes. These are followed by three
columns containing station coordinates of thrust application
point. These coordinates are used in conjunction with the
last column to calculate torque about the Orbiter CG.

For a CG location defined by arbitrary stetion coordi-

nates (STAcg, Bch, Wch) ., the torque produced by a partic- o o
ular jet is computed from the equation BN

L.
J

R. F. + C.F.
i X3 5F'3 (1)

where

-

;
F

i =|Fyil (2)

Fz jJ

" - )]
(s'mj STAcg)/12!
Kj = (BLj - Bch)/l? ! (3)

LT(WLj -~ Wch)/l? ‘

F . ., STA., BL., WL, and
xj’ Fyjr Fgys STAy. BLy, WLy, an

C. are obtained from columns 3-9 of Table 1.

and where the values of F
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_THRUSTER'
NO. 1ID = (

- *r

Table

Fx

LB) .

) 1 F2F  -879.4 .

"F3F | -879.5

3 FI1F |-879.4

4 FlL ' -26.3

5 F3L -21.0

6 F2R -26.3

7 F4R -21.0

! ] F2U -32.3
; 9 F3U -31.9:
; 10 FlU -32.3 .

. 13 F4D -24.8
l 14 F3D -24.8
) i 15 R3A 856.8
: ' 16 R1A  856.8
) i 17 L3A 856.8
! 18 L1A 856.8
T e 19 L4L 0.
' \& | 20 L2 0.
21 L3L 0.
: 22 jL1L . O.
i 23 |R4R 0.
, . 24 [R2R 0.
) ! 25 'R3R 0.
| ' 26 'R1R 0.
! 27 'L4U 29.
) i 28 L2U 29.0

w
N
o)
[
c
N
{¥e]
o

38 R3D . 312.4

39 FS5R ' -0.8
. 40 . F5L -0.8
; ! 41 R5R ' 0.0
~ 42 LSL 0.0
. 43 | RSD 0.0
- {_44 'LSD 0.0

---------
- «

11 F2D -28.0 .
12 F1D -28.0

1. RCS Thruster Data (with plume impingement)

“Ey
(LB)

~-26,2

e
(LB)

119.9
122.7
119.9
18.2
0.5
18.2
0.5
874.4
873.5
874.4
-639.5
-639.5
-639.4
-639.4
151.1
151.1
151.1
151.1
-8.4
-8.4
-R.4
-8.4
-8.4
-8.4
-8.4
-8.4
870.0
870.0
870.0
870.0
870.0
870.0
-545.7
-545.,7
-545.7
~545.7
-545.7
~545.7
-17.6
-17.6
-0.6
-0.6
-24.0
-24.0

STA
(IN)

!

306.72

306.72
306.72
362.67
364.71
362.67
364.71
350.93
350.92
350.93
333.84
333.84
348,44
348.44
1555.29
1555.29
1555.29
1555.29
1516.06
1529.07
1542.07
1555.07
1516.06
1529,07
1542.07
1555.07
1520.04
1532.96
1545.87
1520.04
1532.96
1545.87
1498.11
1513.68
1520,23
1498.11
1513.6R
1529.23
324.35
324.35
1565.00
1565.00
1565.00
1565.00

(Reproduced from Reference

!

1)

BL
(IN)

14.65

0.00

-14.65
-69.50
-71.65
69.50
71.65
14.39
0.00
-14.39
61.42
-61.42
66,23
-66,23
137.00
124.00
-137.00
-124,00
-149.83
-149,R3
-149,R3
-149.83
149,93
149,83
149,83
149,83
-116.51
-116.54
-116.58
116,51
116,54
116.58
-101.47
-100.61
~99.79
101.47
100,61
99.79
59.70
-59.70
149,87
-149.87
118.00
-118.00

--------------

WL C
(IN) (FT)
392.96 0.0000
394.45 0.0000
392.96  0.0000
373.73  0.0000
359.25 ' 0.0000 -
373.73 ° 0.0000 "
359.25 0.0000
413.46  0.0000
414.53 ' 0.0000
413.46 ' 0.0000
356.95 ° 0.0000
356.95 0.0000
358.44  0.0000
358.44  0.0000
473.06  0.0000
473.06 0.0000
473.06 - 0.0000
473.06  0.0000 :
455.21 -0.5887
455.21 + =0 .6061
455,21 ' -0.6235 ,
455,21 | -0.6410
455.21  0.5887
455.21 | 0.6061
455,21 @ 0.6235
455.21 0.6410
481.65 -0.4615
481.65 ' -0.3725
481.65 -0.2836
481.65 ° 0.4615
481.65 0.3725
481.65 . 0.2836
420.49 1.7413
424.63 1.4807
428.74 1.2208
420.49  ~1.7413
424.63 | ~1.4807
428.76  -1.2208
350.12 0.0000
350.12 . 0.0000 !
459.00 | 0.0000
459,00 | 0.0000
455.44 | 0.0000
455.44 } 0.0000




EA £ AEA o A A Aadr it 240 R g AL S I gt At I e g T SN i

Table 2. Typical Orbiter Mass Properties

DESCRIPTION ‘ VALUE |

WEIGHT . e \vverenneennennnnennns 200017.0 LB

TXXe v enneennosnnennneennsn ... ' R87302.0 SLUG-FTZ .
IYYeusssennnsssscnaaaassnanas,  6386877.0 SLUG-FT, N\
IZZ.0uunsaneeeennnusansansenss o 66943670 SLUG-FTS,
IYZeernn.. eereererarenaenaan. | -971.0 SLUG-FTZ
IZKeeenoonnnnennns A s 247376.0 SLUG-FT2.
IXY e e evveneennanssnnenneneens . 5622.0 SLUG-FT
CG STA..vrvrrrneensenenenennnn ' 1095.3 IN

I 0.3 IN
CO WLituuvrrueonnreunnnns e 377.4 1IN
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Program THRUSTERS computes steady-state accelerations
and propellant consumption rates for each of the 44 RCS
thrusters and writes this information to data file
RESPONSES. The user may specify a set of Orbiter mass pro-
perties or use the preprogrammed properties from Table 2.

Table 3 shows the RESPONSES data file for the properties
listed in Table 2. Each row corresponds to a particular RCS
thruster. The first three columns contain the body axis
components of the steady-state linear acceleration vector,
and columns 4-6 contain the corresponding components of
angular acceleration. Columns 7-9 contain rates of propel-
lant flow from the forward, aft left, and aft right tanks
respectively.

Linear accelerations for each thruster are calculated by
the equation

ij

aj = (32.174/W) ij (4)

sz
where W is the Orbiter gross weight and Fx" F 5 and F;

represent the thrust components (from Table 1). The
corresponding angular accelerations are given by

a=rm1"tz (5)

(6)
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and where L:j represents the individual torque vectors pro-

duced by the designated thruster as calculated from Equa-
tions (1) through (3). The (I]) matrix represents the
Orbiter’s moments of inertia.

Propellant flow rates (columns 7-9 of Table 3) are

W assumed to be 3.1071 lb/sec for each active primary jet and
0.0923 lb/sec for each active vernier jet. These rates are

based on the nominal vacuum thrust magnitudes (870 lb and 24
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1b) and specific impulses (280 sec and 260 sec) that are e
given in Reference 2. Each thruster is always assumed to be AR
fed from its nominal source (tank) with no provisions for NN
simulating propellant crossfeed. )
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3. RCS THRUSTER FIRING SELECTION

N (This chapter is taken largely from chapter 4 of Refer-
ence 1)

‘ Each iteration the program must determine which thrus-
. ters are to be fired for attitude and/or translational con-
’ trol. Rotation Hand Controller (RHC), Translation Hand Con-

troller (THC), and Digital Auto Pilot (DAP) inputs are read vt
from the shuttle mockup every 40 milliseconds and applied to b

& one of four available firing options as commanded by the e

1 DAP. The available options are designated V (vernier jets), RN

J P (primary jets), PZI (primary Jjets with +Z thrusters inhi- :

3 bited), and HIGH Z (primary jets with additional +Z thrus- Sl
ters). Corresponding to each of these options is a jet- e
select table (Tables 4-7) which identifies the particular wFE PN

VWiaZa,
jet or combination of jets that is to be fired in response k"’
to each of the six possible translation acceleration com- SN
mands (+X, -X, +Y, ~Y, +Z, -Z) and the six possible rota-
tional commands (+ROL, -ROL, +PCH, -PCH, +YAW, -YAW). These
jet-select tables are read from the RESPONSES data file and
stored in array JET., Jets are identified by the mnemonics
listed in the second column of Table 1.

o LM D

As indicated in Table 4 by the absence of any jet desig-
nations for the execution of translational acceleration com-
mands, the V option can be used only for attitude control.
The other three options can be used for translational and/or
rotational control.

A,

Fard

4

§ In the PZI option, no jets are fired that would expel

¢ propellant directly upward with respect to the Orbiter body.

3 Translational acceleration in the downward direction, if

- commanded, is achieved (at a comparatively high propellant

- cost) by firing the +X and -X thrusters simultaneously. The )

< cant angles of the +X jet and -X jet thrust lines produce a ———
small net acceleration in the +7 (dQownward) direction. This S

option normally is used only when the Orbiter is maneuvering

in the near vicinity of a payload that must be protected SR

from jet plume impingement, A,

LU IACIN A ]

The digital auto pilot controls the attitude and trans-

- lation of the Orbiter for both automatic and manned
3 maneuvers by specifying the appropriate commands to the pri-
mary and vernier reaction control system (PRCS/VRCS) jets.

The crew uses the DAP panel (Figure 1) to exercise vehicle

control, The DAP panel consists of hardware pushbuttons
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that allow the crew to select the translation DAP Tala
auto/manual control operations sequence; to determine i

whether A or B DAP configuration values will be used with 200
auto/manual control; to select translational control; and to Ry

. determine if primary or vernier jets will be commanded to Dt
fire. Appendix A contains a detailed description of the .
functions of the DAP control panel, RAS

The precalculated acceleration and propellant consump-
tion information for each thruster in the RESPONSES data o
file is read at the beginning of the program and stored in el
array JETSEL. Once the program has determined which thrus- D
ters are to be fired, the elements of the rows in JETSEL )
(Table 3) corresponding to those thrusters are summed. This
ylelds net vectors for translational and rotational
acceleration as well as propellant loss rate from each tank.
The elements corresponding to acceleraton in array JETSEL
are not recomputed to account for propellant loss during the
simulation.
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Table 4. Vernier (V) Jet Select Table
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5 Table 5. Primary (P) Jet Select Table

: omp | THRUSTERS TO BE FIRED

; ; R R T

. R ‘ 3 4 s 6 | o7 8 i 9

:1 L2 I
+X | RIA | L1A | ; !

-X | F2F | F1F | | {
+Y | FIL | L4L ! | .'
2 -y | F2R | R4R g ;
R +z | F3u | L4u | Rav | | I
2 -z | FID | F2D | L4D | L2D j R4D , R2D |
o +ROL | L4D | R4U | ; l

% -ROL | L4U | R4D |
+PCH | F1D | F2D | L4U | RaU
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; +YAW | F1L | R4R : ,
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Table 6. Primary with +2Z Thrusters Inhibited (PZI) < RS
?;z Jet Select Table "*",_
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Table 7. Primary with Additional +Z Thrusters
(HIGH Z) Jet Select Table

\ e e . .
; cmp | THRUSTERS TO BE FIRED
: LA A - PR, BE R .
: 1 2 3 4 5 6 , 7 | 8
[ PO S R RS- _‘ P -
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4. DETERMINING POSITION AND ATTITUDE

The Orbiter translational accelerations, once computed,
are added to the orbital drift accelerations. These
accelerations are then integrated twice to yield velocity
and position. Attitude is determined by applyina rotational
accelerations to the present quaternions.

The Clohessy-Wiltshire equations for terminal
rendezvous/docking are used to model orbital Adrift. These
are linearized equations of motion for an interceptor vehi-
cle relative to a target vehicle in a circular orbit with

Keplarian motion.

x=f - 2uy (9)
* o . 2 -

y = fy + 3wy + 2ux (10)
. 2

z = fz -wmz (11)

where fx’, fy', and fz' are the Orbiter translational

acceleration components (due to thrust), and w is the rota-
tion rate of the target ahout the planet.

The target frame is a right handed orthogonal system

where x is the direction of target velocity, y is the zenith
Airection (along target radius vector), and z is out of
orbital plane (opposite the anqular momentum vector). For
further explanation and derivation of Equations 9-11 refer
to Appendix B.

The translational accelerations due to Arift and thrust
are summed in Subroutine THRUST and then integrated in Sub-
routine LINTEG. LINTEG is a first order Euler inteqgrator
which was chosen for fast computational speed (needed in
real time simulation) in light of the fact that accelera-
tions, and hence error, will be small.

The rotational accelerations are transformed from the
body frame to the reference (taraet) frame by Subroutine
BTOR. These accelerations are then used by Subroutine
ROTATE to determine a new attitude quaternion and transfor-
mation matrix. The equations used in Subroutine ROTATE are
included in Appendix C.
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S. GENERATION OF VISUAL DISPLAY

The simulator uses an Evans and Sutherland PS300 com-
. puter for visual display. Three dimensional object data are
loaded and stored in the mass memory of the PS300 at the
beginning of the program. These data are then rotated,
translated, and displayed repeatedly as commanded by the

main program from the VAX 11/780.

Subroutine PS300 is responsible for loading the object
data, known as vector lists, and providing a hierarchy of
rotation, translation and viewing commands for later input
by Subroutine LOOK. The vector lists consist of a spherical
outline of the earth’s continents, a star sphere, a circular
horizon, target satellite, and heads-up display imagery.
The reference coordinate system is the Clohessy-Wiltshire
system, centered at the target and described in detail in
Appendix B,

The earth’s vector list is scaled at one distance unit

. (DU) and rotated about its axis at the rate of 15 degrees
‘aa per hour, The earth is then inclined and counter-rotated a
rate equivalent to the angular rate of the target orbit,

Finally, it is translated in the -Y direction an amount
equal to its radius plus target altitude., To complete the
earth picture a horizon circle is added and the earth vector
list is clipped to prevent viewing beyond the horizon,

The star vector 1list is triplicated and rotated aQ
degrees about each axis to create a unit sphere of stars,
This representation does not reflect true star positions.
The sphere is scaled up by a factor of one earth radius plus
twice target altitude and set counter-rotating (as was the
earth). The star sphece is then translated in the -Y direc-
tion an amount equal to one DU plus target a'titude and
clipped so no stars appear below the horizon.

The target vector list is scaled, placed at the center
of the reference coordinate system, and rotated at fifty
degrees per minute to give the effect of a spinning satel-
lite, It is not clipped and remains at the origin
throughout the simulation,

Heads-up display information includes on screen printout
of range, range rate, fuel used, and elapsed time in the
upper left hand corner. The upper right hand corner gives
an X-Y plane view of the shuttle and predicted future posi-

.- tion in five minute increments, The increment markers
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appear as small diamonds originating from the shuttle
silhouette, Affixed to the target are radius, velocity, and
out-of-plane arrows to facilitate quadrant determination. A
fixed reticle is also displayed to help the operator judge
target drift.

Subroutine LOOK uses shuttle position and attitude data
relative to the target to continuously update rotation,
translation, and viewing of all the predefined vector lists,
Current position and attitude are used to generate three
viewing vectors in the reference (target) frame: AT, FROM,
and UP, AT is the line of sight vector, FROM is the posi-
tion vector and UP is the overhead vector (perpendicalur to
AT). The Evans and Sutherland PS300 uses these viewing vec-
tors to scale, translate, and re-orient the stored images
for perspective viewing. Figure 1 shows the relationship of
the stored images to each other and how they are viewed
given AT, FROM and UP vectors.
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APPENDIX A

(This appendix was taken largely from Reference 3)
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Figure 2. Panel C3: Orbital DAP Panel

2ol

é AUTO/MAN Selection S
ADTO A - Shuttle automatically flies directly to target,
AUTO B - Shuttle flies Clohessy-Wiltshire approach to

40 feet in front/behind and then stationkeeps.
MAN - Allows user to fly shuttle manually.




LVLH - With DISC RATE selected in all three axes and with
the LVLH mode selected, the attitude that existed at the
time of selection of LVLH will be held fixed within the LVLH
frame until changed by use of the RHC. The RHC can be used
with LVLH selected to change LVLH attitude. When the RHC
returns to detent, the LVLH attitude begins to be held fixed
again. This mode would be used manually for precise PROX OPS LA
attitude control in the near vicinity of a payload. IR

NORM VERN JET SELECT - Primary RCS (PRCS or NORM) and ver-
nier RCS (VRCS or VERN) jets can be used for attitude hold R
and maneuvers, NORM jets must be selected for translation L
maneuvers, With primaries selected, there is a choice of R |
jets as shown in Tables 5-7. -

Translation Submodes (NORM Jets Required)

PULSE X, Y, or Z - With this submode selected, each AR
deflection of the THC will result in a change in velo-
city of the magnitude prespecified in the program. (DAP
A yields .05 feet per second, DAP B yields .01 feet per
second).

NORM X, Y, Z - With one of these submodes selected,
continuous acceleration will occur at whatever level is
available with the commanded jets for the axis and
direction (+ or -) of the THC deflection.

. -

HIGH 7Z - An ACCEL submode that is available for +72
translation only. Selection of this submode fires more
jets than are fired for the NORM +Z command (Table 7).

LOW Z - LOW Z is a submode that takes advantage of some
+Z thrust components that exist for both the +X and -X
translation jets (Table 6). To get the +7 translation,
the +X and -X translational jets are fired simultane-
ously so that the jets nearly cancel the X components
of each other and combine the small 7 components, The q
result is a small +Z velocity change. This mode was

added because it provides translation away from a

deployed payload without firing thrusters in the direc-

tion of the payload (thus minimizing plume impingement)

as would the other +2 translation submodes. LOW 2 o
translations also affect pitch and roll, since only ' [
downfiring jets are used. This results in significant
-2 translational cross-coupling, but reduces the duty
cycle for attitude maintenance.
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Manual Rotational Submodes

ISCT RATE - ROLL, PITCH, or YAW - When the DAP mode is
manual, the submode is DISC RATE and the RHC is
deflected out of the detent in an axis, jets are fired
until an angular rate is achieved in that axis equal to
the preprogrammed rate (DAP A yields ,000873 radians
per second, DAP B yields .000175 radians per second).
When the rate is achieved the jets are turned off until
the RHC is returned to detent in that axis unless the
jets are momentarily required to maintain attitude or
rates within deadbands. When the RHC is returned to
detent in an axis, the attitude in that axis is
snapshotted and jets are fired to stop the rate and to
begin holding the snapshotted attitude.

ACCEL - ROLL, PITCH, YAW - When the DAP mode is
MAN/ACCEL and the RHC is deflected out of detent, a
fixed number of jets are fired to provide constant
angular acceleration. When the RHC is returned to
detent, the jets are turned off but the angular rates
continue, The result is a free mode since the attiude
is uncontrolled when the RHC is in detent ‘free drift
at the existing angular rates).

PULSE - ROLL, PITCH, or YAW - When the DAP mode is in
MAN/PULSE and the RHC is deflected out of detent; jets
are fired just long enough to achieve the preprogrammed
angular rate (DAP A yields ,3 radians per second
squared, DAP B yields .06 radians per second squared).
PULSE is also a free mode.

RHC and THC - The handcontrollers are used to input commands

to the DAP, which then (depending on DAP configuration) out-
puts appropriate RCS jet fire commands.
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APPENDIX B

(This appendix was taken wholly from Reference 4)

TERMINAL RENDEZVOUS /DOCKING

This appendix develops the equations of motion for an
interceptor vehicle relative to a target vehicle in orbit
about a central body when the range between vehicles is less
than 8 km {5 miles).

The following approach will be taken to solve this
engineering problem,

A
1. Establish a coordinate system: Y

a, Origin at target vehicle TARGET

b. Orthogonal right-handed system \\\»

o

€. X -- In the local horizontal, in Q
direction of target

vehicle velocity vector z

]

d. y -- In zenith direction (along
target vehicle position
vector R)
e. R -- vector to target in fixed
frame )
Figure 3

Vector to interceptor in
fixed frame

rh

*

rl
|
i

g. P=T - R ~- Position of the interceptor relative to
the target.

- a ,— . . . .
2. Apply 3 Fext = at(mv) in the rotating coordinate system:

a. This is a double application of the law of coriolis
for derivatives in a rotating frame. (If you can’t derive
this, see BMW pp. 92-93.)
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. b. When ( ) is the position of the interceptor vehicle,
o (T), then

K
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ot
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c. Noting the following relationships

-w 2 (7) R

gl
"

(1)

R 9

v;', . .. . .'..-
7 (2) @=-mp (8) R =R 9 s
e (D F=xX+yy+z2 (9) T=x&+ (R+y) §+2z2 o

1Y

ol » ol

xR +y9+z8 (10) T

(4) T

:.:it+(l.2+;;)9+;2 ""'"

~
i (5)§R='x'st+'y°9+°z°2 (11)?R=.x.&+(.R.+.y.)9+.z.2

(6) ¥ ¢ SR

]
)

G

>3 d. Developing the required cross products

9 K

:: ¢ . L4 ...-.~.;‘
R WxT=uwR+y) % ~-ux ¥ S
. - __—_
'y . . . RN
» WxT=uwR+y) & -ux ¢ e

XT = -ufx § -ul(R+vy) ¢

_ X0
gl
»
El

> e. Now substituting from ¢ and 4 into the component —
form of the vector equation developed in 2.b, we obtain '
.

. f_ = x + W(R + y) -~ ufx + 2u(R + y)

o L
fy=R+y-u.u m’(R+y)-2u1x —
< .o -.:j:.';;
B £, =2 =
L e
:'-: B-2 -

2 -
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f. Now, let f be the specific force other than the
gravitational attraction of the central bhody (i.e,, drag,
thrust, solar pressure, etc.)

EFxT + = ¢ . ur

OR

g. Then the relative motion is described by

X = £ - ulR+y)+ulx - 2R + y) - 8%

z = fz' - E% where r3 - fx’ + (R + Y)2 + 22]3/2
r

THESE ARE VERY NON-LINEAR, BUT EXACT EQUATIONS OF MOTION,
3. Linearize the equations to find an analytic solution:
PR e P’ HH?

=R+ e (B2 (P (B2

a. Since x, y and z are small compared with R,

3 = R3(1 + %¥)3/2

-----
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b. Then the last terms in the equations of 2.g. take on
the form
-8 o8B ___3/2
B ’Ba+ 2y
c¢. Since the term ({) is small (less than 0.00125), use
the binominal expansion to begin to simplify these equations
~-3/2 3 15 (2
< = - -
(1 + <) 1 -5 <4+ 5
d,. Then, substituting into 2g and neglecting the small
high order terms,
- ux ~ _ Bx , o3uaxy  g¢c.,
R3(1 + 2Y)~3/2 P r?
So that
;VJ

X a4

x = f_° - w(R + y) + ufx - 2a(R + y) - E% + 3pxy
R R

ee . . 2
£’ -R+ux + ul(R + y) + 2ux - B4+ 28y , 3uy_

y==
y R? R3 R4
'z = £ © . MZ 4 3nzy

e. The only nonlinear terms are the last ones in the
equations, These terms are smaller than the proceeding
terms by ({). Neglecting these terms results in

x=fx'_&,(a+y)+(m7-i)x - 2uR + y)
23

Yy = fy‘ - §'+ ux + (u? - ﬁ%)R + (u? + %%)y + pu&

.“".-. ADARAREETER . O RN - e B P . j
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4. Now ASSUME the target vehicle is in a CIRCULAR orbit,

a. Then

I t

ve . . .o
“’"R§‘ B oul = , w=0, R and R =0

5 b. The equations of motion become
~ .o .

\ = . -

b x fx uy

f Voo - o7 .

- Yy = y + 3ufy + 2ux

< __:_ Zz = fz - u‘zz

THESE ARE THE LINEARIZED EQUATIONS OF MOTION FOR AN INTER-
CEPTOR VEHICLE RELATIVE TO A TARGET VFHICLE IN A CIRCULAR
ORBIT WITH KEPLARIAN MOTION,

SO
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APPENDIX C

(This appendix was taken wholly from Reference 5)

ATTITUDE DETERMINATION USING QUATERNIONS

The quaternion q describing the orientation of a body with
regpect to a reference coordinate frame may be found by
integrating the quaternion differential equation:

LAV RN 3

S w
qQ=0ax (1)

where

R A
e s

q= 1q1 + jq2 + Rq3 + q,

w = luk + ju& + Ruh

W = rate of rotation of body with respect to the
reference frame (in body coordinate frame).

L.
¢

LA

Expansion of (1) yields the following form:

ety 3l

r~ r ~ -~ ~
qfl 0 W, twy uy a9
X a |920 1 |™W 0 uy Wy | ()
% dat ) Pt
! 93 W oy 0w 93
; q4J Wy -wy o-w 0 94
§ - ~ - k A
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The guaternion components in the body (X, Y, Z) coordinate

frame are

where

. ;.. uk

= 5"

Y : ut

w 't o
(3)

L eip Wk

= S'\" &

w="ful s ud v uf

A vector is
by

where

q*

qq*

transformed from body to reference coordinates

R

X" = qXBq* (4)

= ~1d) - Jap - Ray + q4

= conjugate of q

=q*q:1

The equivalent equation in vector-matrix notation is

xR = {?Rw xP (5)




If (4) and (5) are expanded and compared,

2(q,q,+a3q,)

2(ay93-q959,)

-~

From (6),
of the matrix

_ 1
9 = =a;

- A
&~ »

(T

2(9;95-939,)

2(q2Q3+q1Q4)

the quaternion components,
elements,

are

(T35 - Ty3)

13 - T31)

2(QIQ3+QQQ4)
2(q2Q3-q1q4)

2_.2,2
'ql—q2+Q3+Qi

expressed as functions

it is seen that

P

(/)

(7)
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THIS PROGRAM GENERATES ROCTATIONAL AND TRANSLATIONAL ACCELERATIONS
AND ASSOCIATED FUEL COSTS FOR EACH THRUSTER AND STORES THEM IN
ARRAY "THRUST"™. TO DO THIS IT APPLIES EACH THRUSTER®S FORCE . ..
AND POSITION ON SHUTTLE BODY (STORED IN ARRAY 'JET®) TO SHUTY. -
MASS, CG» AND MOMENTS OF INERTIA.

FOR A DETAILED EXPLANATICN OF EQUATIONS/PARAMETERS REFER TO

TRW PAPER "ENGINEERING DESCRIPTION OF THE CMS/RCS/DAP MODELS )
USED IN THE HP-9825A HIGH FIDELITY RELATIVE MOTION PROGRAM (NFRHPT"\ "
6 0CT 78. OR SEE CAPT. ALFANO, DFAS .

REAL MASS,STACG,BLCG,WLCG,RX,RY,RZ

REAL MOI(3,3),IMOI(3,3),J€ET(44,12),THRUST(44,9)
REAL VUN(C12),PUNC12),PZIUNCT12),PZHIC(12)

INTEGER I,J,TYPE,TABLE(4,12,9),I0STATY

SELECTION TABLES ARE AS FOLLCWS:

DATA (TABLE(1,1,1),1=1,9)/9+0/

DATA (TABLE(1,2,1),1=1,9)/9x0/

DATA (TABLE(1,3,1),1=1,9)/9+0/

DATA (TABLE(1,4,1),1=1,9)/9+0/

DATA (TABLE(1,5,1),1=1,9)/9+0/

DATA (TABLEC1,6,1),1=1,9)/9%0/

DATA (TABLE(1,7,1),1=1,9)744,820/
DATA (TABLE(1,8,1),1=1,9)/43,8+0/
DATA (TABLE(1,9,1),1=1,9)739,40,7+0/
DATA (TABLE(1,10,1),1=1,9)744,43,720/
DATA (TABLEC(1,11,1),1=1,9)/41,8«0/
DATA (TABLE(1,12,1),1=1,9)/42,8«0/

DATA (TABLE(2,1,1),1=1,9)/16,18,7+0/

DATA (TABLE(2,2,1),1=1,9)/1,3,7+0/

DATA (TABLE(2,.3,1),1=1,9)/4,19,7+0/

OATA (TABLE(2,4,1),1=1,9)/6,23,7+0/

DATA C(TA3LE(2,5,1),1=1,9)79,27,30,6%0/
DATA (TABLEC2,0,1),1=1,9)/7/12,11+33,34,36,37,320/
DATA (TASLE(2,7,1),1=1,9)/33,30,7«0/

DATA (TABLE(2,8,1),1I=1,9)/27,36,7«0/

DATA (TABLE(2,9,1),1=1,9)/12,11,27,30,5+0/
DATA (TABLEC(2,10,1),1=1,9)7/9,33,36,6+0/
DATA (TABLE(2,11,1),1=1,9)7/4,23,750/

DATA (TABLE(2,12,1),1=1,9)76,19,7+0/

DATA (TABLE(3,1,1),121,9)/16,18,720/
DATA (TABLE(3,2,1),121,9)71,3,7%0/

DATA (TABLE(3,3,1),1=1,9)/4,19,720/

DATA (TABLE(3,4,1),1=1,9)/6,23,7+0/

DATA (TABLE(3,S,1),1=1,92/1,3,16,18,5*0/
DATA (TABLE(3,6,1),1=1,9)/12,11+33,34,35,37,3+3/
DATA (TABLE(3,7,1).1=1,9)733,8+0/

DATA (TABLE(3,8,1),1=1,9)/36,8+0/

DATA (TABLE(3,9,1),1=1,9)/12,11,7+0/
DATA (TABLE(3,10,1),1=21,9)/33,36,720/
DATA C(TABLEC(3,11,1),1=1,9)/4,23,7%0/
DATA (TABLE(3,12,1),1=21,9)/6,19,7«0/

DATA (TABLEC(4,1,1),1=1,9)/16,18,7+0/ 1
DATA (TABLEC(4,2,1),1=1,9)/1,3,7¢C/ )
DATA (TABLE(&L,3,1),1=1,9)/4,19,7+0/ L
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DATA (TABLE(4,4,1),131,9)/6,23,7%0/

DATA (TABLE(4,5,1),121,9)/8,9,10,27,28+29,30,31,32/
DATA (TABLEC4,8,1),1=1,90/12,11,33,34,36,37,3+0/
OATA C(TABLE(4,7,1),121,9)/33,30,7%0/

DATA (TABLE(4,8,1),1=1,9)/27,36,70/

DATA (TABLEC4,9,1),121,9)/12,11,27,30,5+0/

DATA (TABLE(4,10,1),1=1,9)/9,33,36,620/

DATA (TABLEC(4,11,1),1=1,9)/4,23,7+0/

DATA (TABLEC(4,12,1),121,9)/6,19,720/

o
c ASSIGN VALUES 7O JET ARRAY
C
DATA CJETC1,1),121,9)/=879.4¢,-26.2+119.9,306.72,14.65,392.96, )
«0,3.1071,17/ B
DATA CJET(2,1),121,9)/-879.5,0.0,122.7,306.72,0.0,394.45,0.0, o
*3.1071,1/ PR
DATA (JET(3,1),151+9)7/-879.4+26.2+119.9,306.72,-16.65,392.96+ P
.000I3.1071I1I .o _‘
DATA CJET(4,1),121,9)7/-26.3,873.6+,18.2,362.67,-6%.5,373.73,» PR
+0.0,3.1071,1/ RO
DATA (JET(S,1),1=1,9)7-21.0,87043,.5+364.71,-71.65,359.25,0.0, 'ﬁffj
*3.1071,1/ RS
DATA (JET(6,1),1=21,9)7-26.3,=873.6+,18.2+,362.67,69.5,373.73» :;Zfa
«0.0,3.1071,1/ _—.
DATA (JET(7,1),121,9)/-21.0,-870.3,0.5,3646.71,71.65,359.25, RS
«0.0,3.1071.1/
DATAR (JET(B,I),1=1,9)7-=32.3,=11.7,8724.4,350.93,14.39,413.46,
.0.0I 3.1071'1/
DATA CJET(9,1),121,9)7/-31.9,0.0,873.5,350.92,0.0,414.53,
«0.0,3.1071,1/
DATA CJET(10,1),1=1,9)/7-32.3,11.7,874.4,350.93,~14.39,413.46,
*0.0,3.1071,1/
DATA C(JETC11,1),1I=21,9)/-28.0,-616.6,-639.5,333.84,61.42,355.95,
+*0.0,3.1071,1/
OATA CJETC12,1),1=21,9)/-28.0/,6164+,-639.5,333.84,-61.42,355.95,
.OCOI 3.1071'1’
DATA (JETC13,I),1=21,9)7-24.8,-612.6,-0639.4,348.44,66.23,358.44,
*0.0,3.1071,1/
DATA CJET(14,1),1=21,9)/-24.8,612.6,-639.4,348.464,-65.23,358.44,
.0¢0l3¢1071l1,
DATA CJET(15,1),1=1,9)7856.8,0.0,1511,1555.29,137.0,473.06,
.0.01 3.1071’2,
DATA (JETC16,1),121,9)7856.8,0.0+,151.1,1555.29,124.0,473.06,
#0.0,3.1071,2/
DATA CJET(17,1),121,9)/7856.8,0.0,151.1,1555.29,-137.0,473.06+ ]
«0.0,3.1071,3/ ,Z“Iﬁ
DATA (JET(18,1),1=1,9)/856.8,0.0,151.1,1555.29,-124.0,473.06, e
*#0.0,3.1071,3/ :"ﬂg
DATA (JET(19,1),1=1,9)/0.0,870.5+,-8.4,1516.06,-1649.83,455.21,
DATA CJET(20,1),121,9)/70.0,870.5+-8.4,1529.07,-149.83,455.21, Sl
#-0.6061,3.1071,3/ :::?J
. DATA (JET(21,1),121,9)/0.0,870.5,-8.4,1542.07,-149.83,455.21, R
E *-0.6235,3.1071,3/
- RO DATA CJET(22,1),121,9)70.0,870.5,=8.4,1555.07,-149.83,455.21,
T 2=0,66410,3.1071,3/
- ) DATA (JET(23,1),121,9)70.0,-870.5,-8.4+,1516.06,149.83,455.21,
:. - .005887030’07112,
- DATA (JET(246,12,121,9)/70.0,~-870.5+,-8.4,1529.07,149.83,455.21,
i *0.5061,3.1071,2/

'''''''''''''''''
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DATA (JET(25,1),1=1,9)/0.0,-870.5,-8.4,1542.07,149.83,455.21~

2 *0.6235,3.1071,2/ ]
i DATA (JET(26,1),1=1,9)/0.0,-870.5,-8.4,1555.07,149.83,455.21, .
) *0.641,3.1071,27 L

-~ -
ek

DATA (JEY(27,1),1=21,9)729.0,72.0,870.0,1520.04,-116.51,481.65,
.-00661 5'3-1071'3/
DATA (JET(28,1),1=21,9)/29.0,72.0,870.0,1532.96,-116.54,481.65,
*=0.3725,3.1071,3/
DATA (JET(29,1),121,9)7/29.0,72.0,870.0,1545.87,-116.58,481.65,
*«=0.2836,3.1071,3/
DATA (JET(30,1),1=1,9)/29.0,-72.0,870.0,1520.04,116.51,481.65,
*0,4615,3.1071,27
DATA (JET(31,1),1=1,9)/29.0,-72.0,870.0,1532.96,116.54,481.65,
- *0.,3725,3.1071,27
.- DATA C(JET(32,1),1=21,9)/29.0,-72.0,870.0,1545.87,116.58,481.65,
-, #0.,2836,3.1071,2/
DATA (JET(33,1),1=1,9)7/312.464,366.8,-565.7,1498.11,-101.47,420.49,
®1.,7413,3.1071,3/
- DATA CIET(34,1),1=1,9)7312.4+345.8+,-545.7,1513.68,-100.61,424.63,
N *1.,4807,3.1071,3/
“ DATA (JET(35,3),1=1,9)/312.4+,346.8,-545.7,1529.23,-99.79,428.76+
Lﬁ . +1.,2208,3.1071,3/
s DATA C(JET(36,1),1=1,9)7312.4,-346.8,-545.7,1698.11,101.47,420.49,
od *«=1.7413,3.1071,2/
DATA (JET(37+,1),1=1,9)/312.4/+,-366.8,-545.7,1513.68,100.61,424.63,
*=1.4807,3.1071,2/
. DATA CJET(38,1),1=1,9)7/312.4,=346.8,-545.7,1529.23,99.79,428.76,
- *=1,2208,3.1071,2/
}: DATA (JET(39,1),1=1,9)/-0.8,-17.0,-1726,324.35,59.7,350.12, N
» %#0.,0s,.0923,1/ ;gli
DATA (JET(40,1),1=21,9)/-008,1720,=1726+324.35,-59.7+,350.12,
#0.0,.0923,1/
. DATA (JET(41,1),1=1,9)/0.0s-2420+,-0.6,1565.0,149.87,459.0,
N #0.00.0923,27
if DATA (JETC42,1),1=1,9)70.0,24.0,-0.6+,1565.0,-149.87,459.0,
':' .000000923131
DATA (JEY(43,1),1=21,9)/0.0,0.0,-24.0,1565.0,118.0,455.44,
- x0.0,.0923,2/
- DATA (JET(44,1),1=1+9)70.0+0.0,-24.0,1565.0,-118.0,455.44,
. B *0.0,.0923,3/

AR

-
P
v‘-

REASSIGN VALUES TO JET

[a N alal

=" DO 900 I=1,44 —
JET(I,11)=JET(I,8) R
_ JET(I,12)=JET(I,9)
! 900 CONTINUE

MASS=200017.0/32.2
MOI(1,1)=887302.00
MOI(2,2)=6386877.0
MOI(3,3)=6694367.0
MO0I1(1,2)=-5622.0
MOI(2,1)=-5622.0
MOI1(2,3)=971.0
M0I(3,2)=971.0
MOI(1,3)=-247376.0
MOI(3,1)=-247376.0
STACG=1095.3
3LLG6=0.3

0
[
0
LN

¢ ‘\ A

AL

KRS

o 4

k)
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WLCE=377.4

PRINT =,° DO YOU WISH TO USE NOMINAL SHUTTLE PARAMETERS?®
PRINT =, TYPE 1 FOR YES, 2 FOR NO°
READ +,TYPE
IF (TYPE .EQ. 2) THEN
PRINT *,° ENTER SHUTTLE MASS (L8S)*
READ®,MASS
c CONVERT TO SLUGS
MASS=MASS/32.2
PRINT #,° ENTER MOMENTS OF INERTIA (SLUG=FTwe2)* .
PRINTY #,° IXX,1VYYrI2Z (BODY FRAME)® e
READ*,MOT(1,1),M01(2,2),401(3,3) S
PRINT #,* ENTER IVZI,IZXsIXY® N
READ*,MOI(2,3),M0I(C3,1),M01(1,2)
M0X(2,3)3-M0I(2,3) e
MOI(3,1)=-M0I(3,1) i
MOI(1,2)s-M0I(1,2) e
M0X(3,2)=M01(2,3) .
m01¢1,3)=M01(3,1)
no1¢(2,1)=M01¢1,2) ael
PRINT «,° ENTER SHUYTLE CG (INCHES)® ﬁfi;
PRINT «,* CG STA, C6 BL, CG WL® -
READ *,STACG,BLCG,WLCG S—
ENDIF
PRINT #,° sawnnes ECOCHECK OF SHUTTLE DATA stawwe?
PRINTY #,* SHUTTLE MASS = *,MASS#*32.2
PRINT #,' IXX = *,M0IC1,1)
PRINT «,°' VY *,401(2,2)
PRINT +,* 1112 *,M0X(3.3)
PRINT »,' [Y2 *,-M0I(2,3)
PRINT #,° 11X ‘s=m01(3,1)
PRINT «,°* IXY = *,=-M0I(1,2)
PRINT =#,* C6 STA = *',STACG
PRINT #,* (6 BL = *,BLCG
PRINT *,°® CG WL = *,uWLCG

GIVEN THE SHUTTLE CG LOCATIONS (STACG,BLCG,WLLG IN THE SHUTTLE
FRAME) THIS ROUTINE COMPUTES TCRQUES IN BODY AXIS (LX,LY,LZ)
AND SYORES THEM IN COLUMNS 8,9,10 OF ARRAY JET. EALH THRUSTER
HAS ONE ROW OF ARRAY JET ASSIGNED. COLUMNS ARE AS FOLLOWS:
1-fFX 2-FY 3-fF2 4-STA 5-8L 6-WL

7-¢ 8-LX 9-LY 10~L1 11-PROPELLANT FLOW RATE
12-TANK(1=FORWARD,2=RIGHT,3I=LEFT)

OO AD

Y Jon B
LIPS

D0 175 I=1,44
RX==(JETCI,4)-STACG6)/12.0 S
RY=+(JETC(I,S5)-8LCG)/12.0 —
RI==(JET(I,6)~WLCG)/12.0 RRNA
JET(I,B)2RYNJET(I,3)~RICJETCI,2I+JETCI,1I*JETLILT)
JETCI,9)3RZ*JETCI, 1) =RXSJETCI,IICJET (I, 2I%JET(ILT)
JETCI,10)=RX*IETCI,2)=RYRJET(ILII+JET(I,3IHJET(I,T) Tl

75  CONTINUE RS

:
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1
C
< ESTABLISH UNCOMPENSATED ACCELERATION PROFILES
c MOI=MOMENT OF INERTIA MATRIX
o IMOI=INVERSE OF MOI

c VUNC )=VERNIER/UNCOMPENSATED RESPONSES

C PUNC )=PRIMARY/UNCOMPENSATED RESPONSES
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; ¢ PZIUNC )=PRIMARY WITH ¢I INHIBITED/UNCOMPENSATED RESPONSES RN
5 ¢ PIHIC )=PRIMARY WITH NIGH Z/UNCOMPENSATED RESPONSES . S
A ¢ g
2 - CALL INVERT(MOI,IMOI) o
‘ CALL JETSELCIMOI,JET,MASS,THRUST,VUN,PUN,PZIUN,PZHI,TABLE)
¢
M - ¢ OPEN FILES WERE
N ¢
. OPENCUNIT=2,NAME="[ALFANO.DATAIRESPONSES.DAT®, TYPE="NEW®,
3 - «FORM='UNFORMATTED' , INITIALSIZE=40)
; ] OPENCUNIT=3,FILE='RSP.TBL'/STATUS="NEW®,
¢ * IOSTAT=ISTAT) L
.9. _ c
H ¢ WRITE TO THE FILE
; ¢
3 - 105  FORMAT(7X,12,9(3X,F9.5))
’ DO 825 I=1,44 L
WRITEC2)(THRUST(I,J),J=1,9) 1
. ¢ WRITEC3,105)I,(THRUST(I,J),J3=1,9) e
S 825  CONTINUE D
3 DO 850 I=1,12 L
g ) WRITEC2)CTABLEC1,1,4),4=1,9) S
: WRITEC2)CTABLEC2,1,d),J=1,9) L
> WRITE(2)(TABLE(3,1,4),4=1,9) R
: ) WRITEC2)C(TABLEC4,1,J)0rd=1,9) e
- WRITEC2)VUNCI) o
2 WRITEC2)PUN(I) N
A _ WRITE(2)PZIUNCI) el
) WRITEC2)PZHICI) S
» 850  CONTINUE R
. _ c o Lw*__'
- ¢ CLOSE FILES RN
! ¢ Ry
- _ CLOSECUNIT=2) i
\ 4 CLOSECUNIT=3) e
@ ¢ ey
END -
4 C L
: (o .
K] R C :
5 ¢ g
0 c .
_ ¢
c e
c e
) ¢
SUBROUTINE ROWOP(MAT,RC)
. REAL MAT(3,6) ROy
= ; INTEGER RC,I,4 Vo
REAL FACTOR =T
5 4 T
o ) ¢ THIS ROUTINE UNITIZES ONE ROW OF A 3 BY 6 MATRIX (MAT)
. ¢ ABOUT THE PIVOT (RC) AND THEN PERFORMS ELEMENTARY ROW ,
c OPERATIONS ON THE REMAINING TWwO ROWS. e
- c (TO BE USED 3Y SUBROUTINE INVERY) 2
c —
% FACTOR=MAT(RC,RC) N
- X 00 100 I=1,6 SN
5 MATCRC,I)=MAT(RC,I)/FACTOR L
. 100  CONTINUE A

e e ATt T e e e T T RS TRy T NN T N
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D0 200 J=1,3
IF (J .EQ. RC) GOTO 200
IF C(ABS(MAT(J,RC)) .LE. .0000000001) GOTO 200
FACTORS=MATCJ,RCI/MAT(RC,RC)
D0 400 I=1.,6
MATCI TIZMATC(J TI+MAT(RC,ID#FACTOR

400 CONTINUE
200 CONTINUE
END
(o
q
C
¢
SUBROUTINE INVERT(MOI,IMOI)
C
¢ THIS ROUTINE SEYS UP A 3 BY 6 MATRIX (DUMMY). LEFT 3 BY 3
¢ MATRIX IS THE MOMENT OF INERTIA MATRIX (MOI). THE RIGHT
c 3 BY 3 IS THE IOENTITY MATRIX. CALLS TO SUBROUTINE ROWOP
o PERFORM ELEMENTARY ROW OPERATIONS MAXKING THE LEFY 3 B8Y 3
¢ OF DUMMY THE IOENTITY MATRIX AND THE RIGHT 3 BY 3 THE INVERSE e
C MOMENT OF INERTIA MATRIX (IMOI). s
¢ Ty
REAL MO0I(3,3),IM0I(3,3),0UMMY(3,6) ot
INTEGER K, L e
¢ S
00 100 k=1,3
00 300 L=1,3
DURMY (K,L)=KOI(K,L) S
DU"HY(‘IL’S)‘OUO __;:.."‘.'
300 CONTINUE —
DUMMY (K, K¢3)=1.0 NS

100  CONTINUE
CALL RONOP(DUMMY,1)
CALL ROWOP(DUMMY,2) RN
CALL ROWOP(DUMMY,3) e
PO 150 K=1,3 -
50 350 L=1,3 —_
IMOICK, L) =DUMMY(K,L+3)

350 CONTINUVE
150 CONTINUE
END
. c .
bt - C —_—
X ¢ L
c

SUBROUTINE JETSELCIMOILJET,MASS,THRUST,VUN,PUN,PZIUN,
* PZIHI,TABLE)

DR | i

C N

- 4 SUMS FORCES AND TORQUES OF THRUSTERS, CONVERTS TO ACCELERATIONS e

" 4 ASSIGNS PROPELLANT LOSSES FOR THRUSTER. IO
- 4 O
" _ INTEGER 1,J,TABLE(4,12,9),ROW,COL SRS
a REAL MC12),ALPHAC3) »IMOIC3,3)/JET(44,12)/MASS, THRUST(44,9) e
. REAL VUNC12),PUNC12) ,PZIUNC12) ,PZHI(12) Ry
A A < .‘—'—v
RS 00 100 I=1,44 AN
2 i M(1)=JET(I 1) e
g - M(2)=JET(1,2) o
. M(3)=JET(I,3) st
i MCh)=JETC(I,8) SR

”
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, . MC(S)=JETCIL9)
é RC6)3JETCI,10)
P c ’::': .
¢ _ ¢ ASSIGNING OF PROPELLANT Ty
c .
M(7)=0.0 -
A M¢9)=0.0 BN
2 MC8)=JET(IL11) i)
3 IF C(JETCI,12) .LE. 1.5) THEN A
v , M(7)=JETCI,11) Tr
. m(8)=0.0 hoN
ENDIF R
= . IF CJETCI,12) .GE. 2.5) THEN R
W M($)=JETC(I,11) RN
g M(3)=0.0 -
Iy} _ ENDIF .
N ¢ Rt
: ¢ CONVERT FORCES AND TORQUES TO ACCELERATIONS —
N B ¢ SN
N MC1)=MC1) /MASS e
3 M(2)=M(2) /MASS P
; _ M(3)=M(3)/MASS R
N DC 400 J=1,3 e
ALPHACI)=TIMOICI, 1) *MC4)+IMOTCJ,2) +M(S)+IMOTI(J,3)*M(6) a5t
: R 400 CONTINUE it
N MC(4)=ALPHA(T) S
A M(S5)=ALPHA(2)
< - MC6)=ALPHA(3)
) 4
¢ ASSIGN THRUST ARRAY AS FOLLOWS Ty
_ ¢ COL 1-3 TRANSLATIONAL ACCELERATION (FPS2) N ]
4 ¢ COL 4-6 ROTATIONAL ACCELERATION (RAD/S2)) e
4 ¢ COL 7-9 FUEL USED (LBS/S) (7-FWD 8-RT 9-LT) o
v _ ¢ =
z 00 200 J=1,9 s
d THRUSTCI,J)=M(J) N
_ 200 CONTINUE ——d
e 100 CONTINUE O
o ¢ s
= : ¢ ASSIGN RATES CORRESPONDING TO COMMANDS FOR GIVEN S
= 3 THRUST PROFILE e
) (o RN

‘ 00 500 I=1,12 ’
o VUN(I)=0.0 —
D0 600 J=1,.9 )

If (TABLEC1,1,J) .€Q. C) GOTO 500

d * # .
PR A

ROW=TABLE(1,1,J) SRR

N COL=INT((I+1)/2) R

3 VUNCI)=VUNCI) +THRUST(ROW,COL) -
) 600 CONTINUE -

o SO0  CONTINUE e
N ¢ A

‘. o et

- 00 525 I=1,12 R
"; PUNCI )3000 :'_:..
» 0o 625 J=1,9 PR

: IF (TABLE(2,1,J) .EQ. 0) GOTO 525 S —

. ROW=TABLE(2,1,J) e e
”: COL=INT((1¢1)/2) R A
K PUNCI)ZPUNCI)+THRUST(ROW,CCL) e
W 625 CONTINUE i
P B
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523

650
150

675
575

CONTINUE

90 530 I=1,12
PIIUNCE)=0.0
00 650 J=1,9
IF C(TABLE(3,1,J) .EQ. 0) 6OTO 550
ROWSTABLE(3,1,J)
COL=INT((2+1)/72)
PZIUNCI)=PIIUNCI)+THRUSTC(ROW,COL)
CONTINUE
CONTINVE

DO 575 I=1,12
PZNI(1)=0.0
00 675 J=1,9
IF (TABLE(4,I,J) .EQ. 0) GOTO 575
ROW=TABLE(4,1,J)
COL=INT((I+1)/2)
PINICI)2PIHICI)¢THRUST(ROW,COL)
CONTINVE
CONTINUE
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PRODUCED BY THE UNITED STATES AIR FORCE ACADEMY

DEPARTMENT OF ASTRONAUTICS AND IS NOY PROTECTED R

BY COPYRIGHT. (17 U.S.C. SECTION 105) Ll
PROGRAM IS BASED ON WORK BY USAFA/DFAS,

AUTOVON 259-6110 COMMERCIAL 303-472-4110

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAAAAAAAAAAAAN

c
C
(4
c
c
C
c
o EXECUTES THRUSY COMMANDS FOR PROXIMITY QOPERATIONS
¢ OAP PANEL MODE DEFINITIONS CAN BE FOUND IN:
o FLIGHTY PROCEDURES HANDBOOK/PROXIMITY QPERATIONS
o PRELIMINARY NOV 11,1982 NASA .
C PAGES 3-156 TG 3-20
C QUESTIONS 772777 (CONTACT CAPY ALFANO., DFAS
C
INCLUDE °*CALFANOCIPROCONST.FOR/NOLIST®
C

REAL XC6),T(3,3),Q€4),0ETC4L,12),JETSEL(L4L,9),RY,RVYX

REAL WS(3),VAXWX MAXWY, MAXWZI,ALT,AB(3),AR(3),ANG(3)

REAL FUEL(3),DELTAT,OVX,DVY,DVZI,DWX,DWY,DWZhGAS(3)LFXL(S)

REAL DBX,DBY,DBL,SNAP(3),REF(L),DELTI,DELT2,INCLIN,TIME
- REAL Tw(3,3),TARG(3),AP(4) ,RANGE,OREGA,APSTOP,OLDX(3)
REAL UP(3), HAFWAY,RRATE,TFUEL,FUDGE,STOPIT

INTEGER®4 SYSSSETEF,SYSSWAITFR,CHANSCOUNT

INTEGER*2 fBUF(337),1058(4)

INTEGER S(24),CC12),P(12),1,0,PICK,L(24),C0C12),COMM,LITE
INTEGER DC(12),NLOOPS,TABLE(4,12,3),PCOUNT,APSW,RESET,FLAG
INTEGER PIC,DS(24),DL(24),0VHD(12),I0STAT,TRKCNT,RESTOP )
CHARACTER#*16 TIMBUF RN
INTEGER*&4 TIMADR N

AB(3) - ACCELERAYION (BODY FRAME)

ALY = ALTITUDE CF TARGET (KXM)

ANG(3) - ANGULAR ACCELERATION (BODY FRAME)

APSTOP - RANGE FROM TARGET YOU WISH AUTOPILOY TO STOP
APSW = AUTOPILOT SWITCH (S(3)) FROM LAST ITERATION
APC4) = UNIT VECTOR FROM TARGEY TO SHUTTLE FOR AUTOPILOY
AR(3) — ACCELERATION (REF FRAME)

CHAN - CHANNEL FOR PHYSICAL I/0 WITH PS300

COMM =~ 1=RHC IN NEUTRAL, O=RHC NOT IN NEUTRAL

COUNT ~ COUNTER FOR FAST AUTOPILOT GRAPHICS

08X ~ X DEADBAND FOR ATTITUDE CONTROL

DBY ~ Y DEADBAND FOR ATTITUDE CONTROL

DBZ ~ I DEADBAND FOR ATTITUDE CONTROL

DELT1,2 ~ VIME COUNTERS TO SEE IF LOOP EXCEEDS .04 SEC
DELTAY - TIME STEP

PVX - X VELOCITY PULSE

- DVY - Y VELCCITY PULSE

DVZ = T VELCCITY PULSE
DWX = X ROTATIONAL PULSE
: DWY = Y ROTATIONAL PULSE
N DWZ = I ROTATIONAL PULSE

FLAG = A4 PARAMETER TC SLOW DOWN TRANSMISSION RATE TO PS300
FUDGE ~ FUDGE FACTOR TO CHANGE STS RESPONSIVENESS
FUEL(3) =~ TOTAL FUEL EXPENDED FRCM EACH TANK
FX(6) - PREDICTED FUTURE POS/VEL OF SHUTTLE -
GAS(3) - FUEL CONSUMED FOR PRESENT ITERATION (FRCM EACH T.. )
HAFWAY = MHALF THE DISTANCE SINCE LAST AUTOPILOT UPDATE

(USED FOR BRAXING PURPOSES)

VOO OO OO NONND

...........................

e ,.EA,- et N et
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INCLIN - INCLINATION OF TARGET ORBIY (DEG)
IBUF = BUFFER FOR ALL MOVEMENT (I/0 WITH PS300)
10S3 = UNKNOWN PARAMETER (?) FOR 1/0 WITH PS300
IOSTAT - FLAG FOR CHECKING I/0 ON UNIT 20
JETC4,12) ~ RESPONSE TQO COMMANDS

(ROW: T1-VERNIER 2-PRIMARY 3-LONWN I 4~HIGH 2)
JETSEL(44,9) - PRECOMPUTED ACCEL AND FUEL FOR EACH THRUSTER
LITE = 1=LVLH#3 DISC MODES SELECTED, O=NOT SELECTED
MAXWX = DISC RATE FOR ROLL
MAXNY -~ DISC RATE FOR PITCH
NAXMZ = DISC RATE FOR YAW
NLOOPS -~ LOOP COUNTER
OLDX(3) -~ ORIGINAL SHUTTLE POSITION FROM TARGET IN C-W FRAME
OMEGA = ANGULAR RATE OF TARGET ABOUT EARTH (RAD/SECD)
PC(12)- PULSE COMMAND COUNTER
PCOUNT = A COUNTER FOR PRINYT STATEMENTS
PIC - FLAG FOR PS300 GRAPHICS USAGE
PICK - NUMBER CF SELECTED RESPONSE MATRIX (JET)
QC(4) - QUATERNION
RANGE =~ RANGE FROM TARGET
REFC4) - QUATERNION (LVLH TO C-W FRAME)
RESET - COMMAND FLAG TO START OVER FROM ORIGINAL POSITION
RESTOP = COUNTER TO ALLOW STOPPING OF PROGRAM W/ RESEY BUTTON
RRATE = RANGE RATE FROM TARGETY
RT = RENDEIVOUS TIME FOR BANANA AUTOPILOT
RVX = FINAL RENDEZVOUS OFFSET DISTANCE (35 FT)
SNAP(3) -~ SNAPSMOT ANGLE (NEEDED FOR DISC RATE MODE)
STOPIT - MAXIMUM NUMBER OF MINUTES YOU ANTICIPATE RUNNING
T(3,3) = TRANSITION MATRIX (BODY TO REFERENCE FRAME)
TABLE(4,12,9) = LISY OF THRUSTERS FIRED VS COMMAND
TARG(3) -~ TARGET POSITION wRT AFT BAY WINDOW
TIMBUF,TIMADR - USED TO SET ITERATIVE LOOP TO DELTAY
TIME - TIME (SEC)
TFUEL - TOTAL FUEL USED
TW(3,3) - TRANSITION MATRIX (REF TO WINDOW FRAME)
TRXKCNT = COUNTER FOR WRITING TO UNIT 20
UP(3) - UP VECTOR FOR PS300 AND ALIGNMENT SUBROUTINE
WB(3) - ROTATION RATE (B80ODY FRAME)
X€6) - SHUTTLE POSITION/VELOCITY FROM TARGET IN C-W FRAME

ASSIGNMENY OF DAP PANEL SWITCHES, LIGHTYS, AND THRUST COMMANDS

SC ) - SWITCH ARRAY (READ FROM DAP PANEL)

LC ) = LIGHY ARRAY (WRITTEN TO DAP PANEL)

€CC ) = THRUST COMMAND ARRAY

OVHD( ) -~ COMMAND ARRAY FOR OVERHEAD LOS (READ FROM THC/RHC)
€COC ) ~ COMMAND ARRAY FROM LAST ITERATION

0CC ) - DUMMY COMMAND ARRAY

$C1) - SELECT A / PARAMETERS FOR FAR AWAY MANEUVERING (MAN MODE)
/ DIRECT AUTOPILOT (AUTYO MODE)

$(2) = SELECT 38 / PARAMETERS FOR CLOSE IN MANEUVERING (MAN MQOE)
/ C=w (BANANA) AUTOPILOT C(AUYO MODE)

S(3) = AUTOPILOY

SC4) = MAN / MANUAL

$(5) = NORM RCS JETS

$C(6) = VERNIER RCS JETS
$C(7) ~ DISCRETE RATE ROLL
$(8) - DISCRETE RATE PITCH
$C9) ~ DISCRETE RATE YAW
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SC10) - ACCEL ROLL S
SC11) - ACCEL PITCH :
‘ $C12) - ACCEL YAW
$C13) - PULSE ROLL o L
${16) - PULSE PITCH ‘ LT
$(15) - PULSE YAW -
¢ $C16) = LVLH
5 $SC17) - LOW 2 ¥ KR
Y SC18) - HIGH L e
SC19) - NORM X WAl
S(20) - NORM Y A
$C21) - NORM 7 e
| - $(22) - PULSE X sy
4 $¢23) - PULSE Y LA
3 S(24) - PULSE I ERASARY

wh

}

OO OO OAAOOONTOON

i LC ) - SAME AS S ARRAY
- - CC(1) - +x

o €(2) - -x

Y C(3) - +y

»] _ Ce) - -Y

g C(S’ - 47

! cCo) - -1

: _ €(7) - +ROL

X c(8) - -ROL

2| C(9) = +PCH

g - €(10) - -PCH

- CC11) - +YAM

l €C12) - =YAW

3 } €OC ) = SAME AS C ARRAY
= DCC ) - SAME AS C ARRAY
3 - 120N 0=0FF

! _ INITIALIZATIONS

DATA TIMBUF/*0000 00:00:00.12%7/
‘ DATA (S(1),1=1,24)724+0/
‘ DATA C(LCI),1=1,12)71+,0,0,1,1,0,320,3+1/
i DATA (LC1),1=13,24)7620,3«1,3%0/
DATA (CC1),1=1,12)712+0/
DATA C(COCI),1=1,12)712%0/
DATA (PLI),1=21,12)/1220/
DATA (X(1),1=1,48)/76+0/
DELTAT=.04%
: TIME=].
I FLAG=0

C
. ¢ SET TIMER
c

CALL SYSSBINTIM(TIMBUF,TIMADR)

READ IN JETSEL, TABLE AND JET MATRICES

[a N alal

OPENCUNIT=2,NAME="CALFANO.DATAIRESPONSES.DAT®,
+ TYPE='OLD', FORM="*UNFORMATTED® ,READONLY)

. DO 115 I=1,44

......................
................
..................................
.............................

..............
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READC2) (JETSEL(I,J),J=1,9)

250 115 CONTINUE
Eo 4

DO 120 I=1,12
READ(2) (TABLEC1,1,4),4=1,9)
READ(2)C(TABLE(2,1,3),4=1,9)
- READ(2) (TABLE(3,1,d),4=1,9)
READ(2) (TABLECL,1,d)0¢d=1,9)
READ(2)JET(1,1)
READC2)JET(2,1)
° READ(2)JET(3,1)
READ(2)JET(A,I)
- 120 CONTINUE

CLOSEC(2)

ECOCHECK DATA THAT WAS READ IN
CALL ECOCHK(TABLE,JET)

DETERMINE USER REQUIREMENTS

(e N aNaNaNa N Nal

PRINT *,* DO YOU WISH :°*
' PRINT #,' 1 - REAL TIME GRAPHIC SIMULATION® hatibic
_ PRINT #,° 2 - FAST GRAPHIC AUTOPILOT DEMO® R
PRINT #,* 3 - FAST AUTOPILOT W/0 GRAPHICS®
READ =,PIC

¢
‘iﬁ C SET UP AUTOPILOV, IF CHOSEN
c

IF C((PIC .EQ. 2).O0R.(PIC .EG. 3)) THEN R
L€1)=0 R
L(2)=1 el
L(3)=1 SRR
L(4)=0 ;\':w":.-
APSH=1
APSTOP=35.

ENDIF

- A W R W - W e T T mAE N RN . AR T =

READ IN FUDGE FACTOR

(a N a N ol

l PRINT #,"8Y WHAT FACTOR DO YOU WISH TO MULTIPLY® !
PRINT #,°STS RESPONSIVENESS ?° R
READ w,FUDGE

C
. C APPLY FUDGE FACTOR TO THRUSTER DATA
. 1 o

i DO 37 I=1,44

. 00 38 J4=1,9

; JETSELCI,J)=JETSELC(I,J)*FUDGE
: 38 CONTINUE

. 37 CONTINUE

Ld
(o]

c READ IN MAX RUN TIME .

A STOPIT=1000.
o IF (PIC .EQ. 1) THEN
PRINT »,* HOW LONG DO YOU ANTICIPATE RUNNING ?°
. PRINT #,° (IF OVER 10 MINUTES PLEASE COORDINATE®,
1 . * WITH SEILER)'
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READ »,STOPIT
ENDIF

READ IN TARGET ALTITUOE

PRINT #,% ENTER ALTITUDE OF TARGET (KM)?
READ #,ALTY

COMPUTE ROTATION RATE OF TARGET ABOUY EARTH
OMEGA=SORT(3986C0.87/(ALT+6378.135)ex3)
READ IN INCLINATION OF TARGET ORBIT

PRINT «,° ENTER INCLINATION OF TARGET ORBIT (DEG)*
READ +,INCLIN

READ IN INITIAL SHUTTLE POSITION

PRINT *,* ENTER COORDINATES OF SHUTTLE FROM TARGET'
PRINY #,° X,Y,Z CLOHESSY-WILTSHIRE FRAME (FEET)®
READ *,0LDX(1),CLOXC(2),0LDX(3)

IERO VELOCITY AND ANGULAR MOTION ARE ASSUMED FOR SHUTTLE.
SHUTTLE ALIGNMENT IS INITIALIZED SUCH THAT TARGET
STARTS IN CENTER OF SCREEN (=Z IN BODY FRAME)

INITIALIZE PS300 DISPLAY
INITIALIZE JUFFER FOR PS3I00 MEMORY ADDRESS

IfF ((PIC .EQ. T).0R.(PIC .EQ. 2)) THEN
CALL PS3OGCALT,INCLIN)
CALL INITBUF(IBUF,CHAN,IOSB)

ENDIF

READ AND WRITE TO SHUTTLE MOCKUP
IF (PIC .EQ. 1) CALL IOBUFF(1,S,L,OVHD,RESET)

OPEN UNIT 20 FOR WRITING AND SET FORMAT.
IF UNABLE, PRINT MESSAGE AND END PROGRAM

OPENCUNIT=20,FILE="STS.TRK ', STATUS=*NEW',IOSTAT=ISTAT)
IF CIOSTAT .NE. D) THEN
PRINT «,*CAN NOT OPEN OUTPUT FILE®
PRINT #,*FILE = STS.TRK®
PRINT #,°ISTAY =*,I0OSVAY
GOTO 999
ENDIF
FORMAT("P*,4{3X/,F8.1)s4(3X,F8.6))
FOMATC L, 4(3X,F8.1),4(3X,FB8.6))

SEYT EVENT FLAG FOR WAIT COMMAND
CALL SYSSSETEF(?7)
RESET BEGINS HERE

CONTINUE
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INITIALIZE PARAMETERS

SNAP(1)=0.0
SNAP(2)=0.0
SNAP(3)=0.0
FUEL (1)=0.0
FUEL(2)=0.0
FUEL(3)=0.0
w8(1)=0.0
w8(2)=0.0
wa(3)=90.0
FLAG=0

urP(13=0.0001
urP(2)=1.0
uP(3)=0.0001

X(1)=0LDX (1)
X(2)=0L0X(2)
X{3)=0LDX(3)
X(4)=0.0
X(5)=0.0
X(6)=0.0
RESET=0

DO 175 1I=1,12
€(1)=0
0C(I)=0

CONTINUE

HAFWAY=10000000.

WRITE INITIAL POSITION, TIME, AND QUATERNION
TO UNIT 20

WRITEC20,444),XC1),X(2),X(3),TIME,Q(1),Q(2),Q(3),Q(4)
ALIGN SHUTTLE SO TARGET IS CENTERED IN WINDOW
CALL ALIGNI(XC1),X(2),X(3),T,0Q,UP)
INITIALIZE LVLH REF TO ALIGNMENY QUATERNION

REF(1)=Q(1)
REF(2)=sa(2)
REF(3)=Q(3)
REF(4)=Q(4)

INITIALIZE COUNTERS

NLOOPS=0
PCOUNT=999
DELT1=SECNDS(0.)
TRKCNT=2C
COUNT=0

ITERATIVE LOOP BEGINS HERE

CONTINUE
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NL
TI
PC

TRKCNT=TRKCNT+1
COUNT=COUNT+1

FL

1F
1F
IFf
If

If

EL

EN

IF
IF

IFf

UPDATE COUNTERS

O0PS=NLOOPS+1
ME=NLOOPS+DELTATY
OUNT=PCOUNT +1

AG=FLAG*+1

PICK APPROPRIATE THRUST RESPONSES.
VALUES OF PICK ARE AS FOLLOWS:

1 - VERNIER

2 = PRIMARY

3 - PRIMARY WITH ¢Z INHIBITED

4 = PRIMARY W&ITH HIGH I

CHOOSE THRUST RESPONSES FROM DAP PANEL LIGHTS

(L(6) .EQ. 1) PICK=1
(L{5) .EQ. 1) PICK=2
(LC17) .EQ. 1) PICK=3
(L(18) .EQ. 1) PICK=4

SELECT RENDEZVOUS CONSTRAINTS (FROM DAP PANEL LIGHTS)

CCLC2)+L(3)) .GT. O) THEN
DVX=.01
oVY=.01
DVZI=.01
DWX=.000175 A
OWY=.000175S A
DWI=.000175S
DBX=.02
pBY=.02
pB82=.02
MAXWX =, 06
MAXWY=,06
MAXWI=.06
SE
DVX=.05
oVY=.05
ovZ=.05
DWX=.000873
DWY=.000873
bWZ=.000873
DBX=.1 S
03Y=.1 AR
DBI=.1 ]
MAXWX=,3
MAXWY=.3
MAXW2=,3
DIF

CHECK PULSE MODE LIGHTS

(LC22) .EQ. 1) CALL PULSE(P(1),P(2),L(1),C(2),DVX,
DELTAT*JET(PICK,1),DELTAT*JET(PICK,2))

(L(23) .€Q. 1) CALL PULSE(P(3),P(4),C(3),C(4),DVY,
DELTATAJET(PICK,3),DELTAT#JET(PICK,4))

(L(24) LEQ. 1) CALL PULSE(P(S),P(6),C(5),C(6),DVI,
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* DELTATRJET(PICK,5),DELTATHIET(PICK,6))
IF (LCT13) LEQ. 1) CALL PULSE(P(7),P(8),C(7),C(8),DWX,
* DELTVATAJET(PICK,7),DELTATRIET(PICK,8))
IF (LC14) .EQ. 1) CALL PULSEC(P(9),P(10),C(9),CC(10),DVWY,
* DELTATHJET(PICK,9),DELTATRJIET(PICK,10))
IF (LC15) .EQ. 1) CALL PULSE(P(11),P(12),CC11),C(12),DWZ,
* DELTAT~JET(PICK,11),DELTATHJET(PICK,12))

CHECK LVLH MODE USING COMM AND LITE

COMM=0
LITE=Q
IF CCCCTISC(BIFC(II+C(I10I+C(11)¢C(12)) .EQ. 0) COMM=1
IF CCLCT6I+LC7I AL (B)*L(9)) .EQ. &) LITE=1
IF (CLITE+COMM) .EQ. 2) THEN
CALL LVLH(C,CO-3,REF,DBX,DBY,DBZ,
* WL, JET,DELTAT MAXKWX, MAXWY, MAXWZ,PICK,T)
ENDIF

CHECK DISC MODE LIGHTS

IfF (LC16) .EQ. 0) THEN
IF (LC7) .EQ. 1) CALL DISCCJET(PICK,7),JET(PICK,B8),WB(1),
* DELTAT,MAXWX,C(7),C(8),C0(7),CO(B),DBX,SNAP(Y))
IF (L(B) .EQ. 1) CALL DISCCJET(PICK,DP),JET(PICK,10).,WB(2),
* DELTAT,MAXWY,C(9),CC10),C0(9),C0(10),DBY,SNAP(2))
IF (L(9) .EQ. 1) CALL DISCUJET(PICK,11),JET(PICK,12),WB(3),
* DELTAT,MAXWI,C(11),C(12),C0011),C0C12),DB2,SNAP(D))
ENDIF

CHECK IF THE AUTOPILOT (A OR B8) IS SELECTED
A - DIRECT APPROACH
B = CLOSED LOOP CLOHESSY-WILTSHIRE

IF CL(3) .EQ. 1) THEN
ZERO OUT THC COMMANDS

€(1)=0
€(2)=0
t(3)=0
C(4)=0
€(5)=0
€(6)=0

PREDICY POS/VEL PRODUCED BY RHC COMMANDS AND DRIFT

FX{1)=x(1)
FX<2)=x(2)
FX(3)=X(3)
FX(4)2X(4)
FX(5)=xX(5)
FXx(6)=X(6)

CALL THRUST(JETSEL,AB,ANG,GAS,C,PICK,TABLE)
CALL BTOR(T,AB,AR)
CALL LINTEG(FX,OMEGA,AR,DELTAT)

CHOOSE PROPER AUTOPILOT

¥
[}
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IF (LC1) .EQ. 1) THEN

- CALL APILOT(L,C,REF,X,FX,T,APSH, S
o * $(3),AP,DELTAT,A,APSTOP,JET,PICK) SO
2 ELSE SO
o CALL BANANACFX,OMEGA,C,T,REF,L, A
. * S(3),APSW,Q, HAFWAY,RT,DELTAT,UP,JET,PICK,RVX) o
£y ENDIF <
£ ENDIF "l
# c o
i ¢ IF NO OTHMER MODE IS CHOSEN, NORM/ACCEL MODE IS ASSUMED. RO
¢ COMMANDS REMAIN TME SAME, SO NO SUBROUTINE IS NEEDED. N
¢ : f
3 . c APPLY COMMANDS (C) TO RESPONSE MATRIX (JETSEL) T
~ c
:% CALL THRUSTCJETSEL,AB,ANG,GAS,C,PICK,TABLE) -
~ C "
> ¢ TRANSLATE B80DY ACCELERATIONS (AB) TO REF FRAME (AR) :
¢ ' T
7, - CALL BTOR(T,AB,AR) e
- c ,‘ﬂ-‘.
v .
’; c APPLY ACCELERATIONS TO DETZRMINE POSITION (X(1-3)) T
5 N ¢ AND VELOCITY (X(C4=6)) OF SHUTTLE RELATIVE TO TVTARGETY o
L~ c USING CLONESSY~-WILTSHIRE EQUATIONS. s
’ C L
0 ~ CALL LINTEG(X,OMEGA,AR,DELTAT) et
- 4 A
- ¢ APPLY ANGULAR ACCELERATIONS TO FIGURE QUATERNIONS AND NEW T MATY -
- _ C R
= CALL ROTATE(ANG,DELTAT,WB,Q,T) AN
c Py KT
- - c UPDATE FUEL USED A
c K i.."—‘

- D0 900 I=1,3
SN FUELCI)SFUELCI)+GASCI)*DELTAT
900  CONTINUE
TFUEL=FUEL (1) +FUEL (2)+FUEL(3)

¢
AN ¢ DETERMINE TARGET POSITION AND ATVITUDE St
o ¢ AS SEEN THRU AFT BAY WINDOW. KR
. . c FOR REAL SIMULATION, DISPLAY ON THE PS300. il
o IF (PIC .EQ. 1) R
. - + CALL LOOK(T/,X,OMEGA,TIME,TFUEL,IBUF,CHAN,10S8) i
R ¢ , BASAE
: IF ((PIC .EQ. 2).AND.CCOUNT .EQ. 13)) THEN NS
s R CALL LOOK(T,X,OMEGA,TIME,TFUEL,IBUF,CHAN,I0SB) e
o COUNT=(0 Tl
- ENDIF S
. c i
" ¢ WRITE POSITIGN, TIME, AND ATTITUDE DATA ——
! d TO UNIT 20 EVERY 10 SECONDS. S
3 ¢

- IF (TRKCNY .GE. 250) THEN

> WRITE(C20,445) ,XC1),XC2),X{3),TIME,QC1),Q(2),Q(3),0(4)

R TRKCNT=0 S

Y ENDIF . ——
- c e
- . ¢ UPDATE OLD COMMAND ARRAY (CO) RS N
N C .':‘.':\'
-‘:f'_ D0 950 I=1,12 e
N N L L e e
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co(r)=pc(1)
50 CONTINUE

UPDATE AUTOPILOY SWITCH
APSW=S(3)
c
< PRINT TO SCREEN EVERY 1000 ITERATIONS IF PIC=3
c

IF ((PCOUNT .GE. 1000) .AND. (PIC .EQ. 3))THEN
- PCOUNT=0
PRINT =,* RANGE (FT) RANGE RATE (FPS)°*,

* * FUEL USED (L3S) TIME (SEC)*
RANGE=SQART(X(1) #w24X(2) 024X (3)nw2)
RRATE=(X(1)#XCL)+X(2)2X(5)¢X(3)aX(6)I/RANGE

PRINT *,RANGE,RRATE, (FUELCT1)+FUEL(2)+FUEL(3)),TIME
ENDIF

ZERO OUY SWITCHES AND RESTORE THRUST COMMANDS,
SET MANUAL LIGHT FLASHING IF AUTOPILOTY ON

[a N aXaNal

DO 645 I=1,12
$(1)=0
S(I1+12)=0
- CCI)=pC(I)
CONTINUE

&»
W

IF CCLU3)EQ.T) AND. C(TIME-INT(TIME)).GT..5)) LEA)=T

READ SWITCHES AND THRUST COMMANDS FROM SHUTTLE MOCXUP.
WRITE TO LIGHTS ON DAP PANEL OF SHUTTLE MOCKUP,

IF RESET BUTTON HELD FOR ONE SECOND, STOP PROGRAM

IF RESET COMMANDED, GO TO 135

IfF C(PIC .EQ. 1).AND.CFLAG .GE. 3)) THEN
CALL IOBUFF(2,5,L,O0VHD,RESET)
CALL SYSSWAITFR(?7)

CALL SYSSSETIMR(7,TIMADR,,)

IF (RESET .EG. 1) THEN
RESTOP=RESTOP+1
IF (RESTOP .EQ. 15) GOTO 999
60T0 135

ELSE
RESTOP=0

ENDIF

FLAG=(Q

CHANGE INPUT TO REFLECT OVERHEAD LINE OF SIGHT

(2 N alXal

DC(1)=0VHD(6)
0C(2)=0VHD(5)
PC(3)=0VHD(3)
DL (4)=0VHD(4)
DC(5)=0VHD(1)
L DC(6)=0VHD(2)
e 0C(7)=0VHD(12)
DCC8)=0VHO(11)
DCC(9)=0VHD(9)
pC(10)=0VHD(10)
DCC11)=0VNHD(T)

t
...........
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Y ) DC(12)=0VHD(8)
i, C ,
8 ¢ ASSIGN REAL COMMAND ARRAY (C) WITH DUMMY COMMANDED VALUES --%)
P ¢ THIS IS TO PRESERVE DATA READ FROM THC/RAC WHILE PROGRAM -
i ¢ CHANGES € ARRAY DUE TO VARIOUS SELECTED MODES
¢
¢ DO 475 I=1,12
0 CCI)=0C (1)
9 475 CONTINUE
3 ¢
1 ENDIF
c -
3 ¢ IF AUTOPILOT ON, SET LC4) (MANUAL LIGHT) YO ZERO
N ¢
g IF C(L(3) .EQ. 1) L(4)=0
. . o
o ¢ APPLY SWITCH COMMANDS TO DAP PANEL LIGHTS
¢
. . CALL SWITCH(S,L)
N ;
5 B ¢ RETURN TO 450 FOR NEXT ITERATION
¢
\
IF C(NLOOPS .LT. C1500#STOPIT)) GCTO 450
i ¢
N ¢ COMPUTE AVERAGE LOOP TIME
N C
-, _ DELT2=SECNDS(DELTY)
s PRINT #,' AVERAGE LOOP TIME = ',DELT2/NLOOPS,* SECONDS® L
3 ¢ e
_ ¢ CLOSE UNIT 20 A
¢
3 CLOSEC20)
A B ¢
. 999  CONTINUE
¢
~ END
:; .
™
J
) ) R
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SUBROUTINE ALIGN(X,Y,1,T,Q,UP)

COMPUTES BODY AXIS COMPONENTS IN REFERENCE FRAME.
1800 IS THE POSITION VECTOR. XBOD AND Y8JD
COMPLETE THE RIGHT HANDED SYSTENM.

DETERMINES QUATERNION (Q) AND TRANSFORMATION
MATRIX (7).

REAL X/ Ys2oT7(3,3),QC4),UP(3),CONST
REAL X80D(3),YBOD(3),280D(3)

CAMERA VECTOR BODY COMPONENTS (0,0,-1)

1800 (1) =X
800 (2) =Y
1800(3)=2

DO NOT ALLOW 280D TO LIE DIRECTLY ON AN AXIS.
THIS IS DONE TO PREVENT QUATERNION AMBIGUITIES.

IF (ABS(2BOD(1)) .LT. .001) 2BOD(1)=.001
IF C(ABS(21B0D(2)) .LT. .001) 2800(2)=,001
If C(ABSCIBOD(3)) .LT. .001) 2800(3)=.001

COMPUTE TRANSFORMATION MATRIX

CALL UNITIZE(Z800)

CALL CROSS(Y30D,IBOD,UP)
CALL UNITIZECYBOD)

CALL CROSS(XBOD,YBOD,280D)
CALL UNITIZE(XBOD)

UP(1)=x800¢(1)
UP(2)2x800(2)
UP(3)=x800(3)

T¢1,1)=X800(1)
T€1,2)=Y800(1)
T¢1,3)=2800(1)
T(2,1)=X800(2)
T(2,2)=Y800(2)
T€2,3)=22800(2)
7¢3,1)=x80D(3)
7(3,2)=Y800(3)
T(3,3)=1800(3)

COMPUTE QUATERNIONS

RCLI=T1.0+7(1,1)+7(2,2)4T7(3,3)

IF (QC4) .LT. 1E-30) QAC4)=.1E-30
QL) =SQART(C(4)) /2.0
QC1I=(T(3,2)-T(2,3))/C4.0*Q(4))
QC2)=(T(1,3)=-T(3,1))/7(4.00Q(4))
QI)=(T(2,1)=T(1,2)) /(4. 070(4))

NORMALIZE QUATERNIONS

CONST=SQART(QA(1)*Q(1)+Q(2)#A(2)+A(3)*+A(3)+Q(4)*Q(4))

C1)=Q(1)/CONST
Q(2)=Q(2) /CONST
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Q(3)=Q(3)/CONSY
Q(4)=2Q(L)/CONSY

1
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_ SUBROUTINE APILOTCL,CoREF, XsFXoT,OLDSH/NEWSH,
Qg; & AP,DELTAT,Q,APSTOP,JET,PICK)

THIS AUTOPILOT FLIES THE SHUTTLE DIRECTLY TO
TARGET (DIRECT APPROACH) USING LVLH FOR ATTITUDE
CONTROL. IT *THINKS® ONE ITERATION IN ADVANCE
USING PREDICTED POS/VEL DUE TO RHT THRUSTING

AND ORBITAL DRIFT.

OO VNOOIOD

REAL REF(4),X(6),MAXD,DELTAV(3),VDB,DELTAY
REAL AP(4),DP(3),Q(4),APSTOP,FX(6),J4ET(4,12)
REAL DELVB(3),T(3,3),RANGE,REQV(3)

INTEGER L(24),C(12),1,0LDSW, NEWSW,PI(K

REF - REFERENCE QUATERNION FOR ATTITUDE CONTROL

X = PRESENT POS AND VEL OF SHUTTLE FROM TARGEY

FX - FUTURE POS AND VEL OF SHUTTLE FROM TARGET
MAXD = MAX DISTANCE CHANGE FOR ONE ITERATION
DELTAV = VELOCITY CHANGE (TARGET FRAME)

DELTAT -~ TIME INCREMENT

VDB = VELOCITY DEADBAND

AP - REFERENCE UNIT VECTOR FROM TARGEY TO SHUTTLE
OP - DESIRED POSITION

DELVB - VELOCITY CHANGE (BODY FRAME)

T = TRANSFORMATION MATRIX

L - DAP PANEL LIGHTS

€ = THUC/RHC COMMANDS

OLDSW = LAST POSITION OF AUTOPILOT SELECT SWITCH
NEWSW = PRESENT POSITION OF AUTOPILOT SELECT SWITCH
APSTOP - RANGE YOU WISH TO MAINTAIN FRCM TARGET
REQV = REQUIRED VELOCITY

Q@ ~ PRESENT QUATEZRNION

oy

o A -

COMPUTE RANGE

OO OOITON

RANGE=SQRTIXC1)#X (1) +X(2)aX(2)+X(3)+«X(3))

INITIALIZE LIGHTS AND COMMANDS

g
(o N alal

50 100 I=1,12
¢ L(1)=0
LCI+12)20
100  CONTINUE
LC1) =1
L(S) =1
. L(S) =9
b LC7) =1
L(8) =1
. LC9) =1
- LC16) =1
: L€20)=1

COMPUTE NAX DISTANCE CHANGE

-
[a N aNal

RN MAXO=,00S*(RANGE)*DELTAT
e IF C(RANGE .LT. 1.5=APSTOP) THEN

) MAXD=MAXD * (RANGE=APSTOP) /7 (. S*#APSTOP)
o] - ENDIF

v
- N

SWITCHN TO LOW Z INSIDE 200 FEET

AN

A I A e e e o oo T 0 T T T

-----------------------
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IF (RANGE .GE. 200.0) THEN
LC21) =1

: ELSE

‘ LC17) =1

ENDIF

e Tl

44

o

:#
¥

CHECK TO SEE IF AUTOPILOT JUST SELECTED

[a Mg Nal

IF (OLOSW .NE. NEWSW) THEN

SET REF TO PRESENT QUATERNION
(T0 8t USED BY LVLK)

[z N NaNal

REF(1)=Q(1)
REF(2)=2Q(2)
REF(3)=Q(3)
REF(4)=Q(4)

SET REFERENCE VECTOR

(2 NaNal

AP(1)3X (1) /RANGE
AP(2)=X(2)/RANGE
AP(3)=X(3)/RANGE
AP (4)=RANGE*1.0

-

:
4

ENDIF
FIGURE DESIRED FUTURE POSITION (DP) (+2 ITERATIONS)

.
)
(2 Na Nl (g

IF C(ABSCRANGE=APSTOP) .LT. ABS{AP{4)-APSTOP)) THEN
: AP €4 ) =RANGE
& ELSE
L MAXD=0.0
% ENDIF
DPC1)=CAP{4)~2.0¢MAXDI*AP (1)
OP(2)=(AP(4)=2.0*MAXD) »AP(2)
DP(3)=(APCL)-2,.0%MAXD) *AP(3)

COMPUTE REQUIRED VELOCITY (NEXT ITERATION)

[a N aNal

REQV(1)=(OP(1)~FX(1)I/DELTAT
p REQV(2)=(DP(2)~FX(2))/DELTAT
REQV(3)=(DP(3)~-FX(3))/DELTAT

- ) ¢
- 4 FIGURE VELOCITY TO BE GAINED (DELTAV, TARGET FRAME)
o ¢
i DELTAV(1)=REQV(1)~-FX(4)

o DELTAV(2)=REQV(2)-FX(5)

- DELTAV(3)=REQV(3)-FX(6)

1: c
) 4 TRANSFORM TG BODY FRAME
o c
.}

' CALL RTOB(T,DELTAV,DELVB)

c

- ¢ DETERMINE IF THRUST IS REQUIRED
: ; ¢ (VDB IS VELOCITY DEADBAND)
b c
- VDE=1.14DELTAT

; A AT

o I e




(DELVB(1)
(DELVB(1)
(DELYB(2)
(DELVS(2)
(DELVB(3)
C(DELVIE(3)

E-17

VDBeJET(PICK,1))
VDBRJET(PICK,2))
VDB#JET(PICK,3))
VOB*JET(PICK,4))
VDBRJET(PICK,S5))
VDB*JET(PICK,6))

c(1)=1
€(2)=1
c(3)=1
CC4)=1
€(5)=1
c(6)=1
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SUBROUTINE ARM

4
(4 THIS ROUTINE BUILDOS THE PAYLOAD ARM ON THE PS300
c ALL DIMENSIONS ARE IMN FEET.
¢
INCLUDE °*PROCONST.FOR/NOLIST®
= c
E REAL®4 V(3)
ES 4
\ C COMMANDS FOR WRIST ROLL
¢
¢ SEND LABEL TO DIAL AND CONNECT TO ROTATE FUNCYSIZH
- c
Q CALL PFNC'WRROLL',*YROTATE',ERR)
M ¢
N - CALL PSNST('WR ROLL®,1.°'DLABEL1',ERR)
i CALL PCONNC*DIALS®,1,1,"WRROLL'",ERR)
¢
& . ¢ CONNECT INPUTS TO ACCUMULATOR
I ¢
- CALL PFN(*ACC1',*ACCUMULATE® ,ERR)
.‘:. _ c .‘_-.._‘.-
o CALL PCONNC*WRROLL®,1,1,"ACCT1°,ERR) L
CALL PSNREA(0.0,2,%ACC1",ERR) A
- _ CALL PSNREAC(D.1,3,*ACC1',ERR) .“,4!
T CALL PSNREAC1.0,4,"ACCT1',ERR) L
- CALL PSNREA(447.0,5-°ACC1",ERR) SR
- - CALL PSNREAC~447.0,6,*ACC1°,ERR) s
- ( SRR
. c CONNECT ACCUMULATOR JUTPUT TO PROGRANM AR
- € — .
o CALL PCONNC*ACCY1°, 1,1, *WRIST.ROLL*,ERR) T
! C K
Pyl
2 R 4
% C COMMANDS FOR WRIST YAW
c oo
i _ ¢ SEND LABEL TO DIAL AND CONNECT TO ROTATE FUNCTION A
. : ’TT’
2 CALL PFN(*WRYAW',*IROTATE',ERR)
- - c RN
. CALL PSNSTC('WR YAW",1,°DLABEL2',ERR) R
o CALL PCONNC*DIALS®,2,1,"WRYAW®,ERR) SRR
_ ¢
A ¢ CONNECT INPUTS TO ACCUMULATOR
¥, ¢
R : CALL PFNC®ACC2°,*ACCUMULATE',ERR)
: c
o,

CALL PCONNC'WRYAW®,1,1,*ACC2',ERR)
CALL PSNREA(0.0,2,"ACC2'/ERR)

CALL PSNREA(D.1,3,'ALC2'/ERR)

CALL PSNREA(1.C,4,*ACC2',ERR)

CALL PSNREA(C120.0,5,"ACC2',ERR)
CALL PSNREAC(-120.0,6,"ACC2*,ERR)

S )

CONNECT ACCUMULATOR QUTYPUT TO PROGRAM

S | o SN
)
[a Nalal

CALL PCONNC'ACC2°,7,1, WRIST.YAW',ERR) ST

COMMANDS FOR WRISTY PITCH




SEND LABEL TC DIAL AND CONNECT TO ROTATE FUNCTION
CALL PFENC WRPITCH®,*XROTATE',ERR)

~ (a2 N )

CALL PSNST('WR PITCH',1,"DLABEL3*,ERR)
CALL PCONNC*DIALS®»3,1/,°WRPITCH®,ERR)

CONNECT INPUTS TO ACCUMULATOR

[a N a N2l

° CALL PFNC*ACC3*,*ACCUMULATE,ERR)

- CALL PCONNC WRPITCH®,1,1,°ACC3°,ERR)
CALL PSNREA(0.0,2-°ACC3*,ERR)
CALL PSNREA(O.1,3,°ACC3*,ERR)
- CALL PSNREAC1.0,4,°ACC3°,ERR)
CALL PSNREA(120.0,5,°ACC3*,ERR)
CALL PSNREA(~120.0,6,"ACC3*,ERR)

CONNECT ACCUMULATOR OUTPUT TO PROGRAM

[a NaNal

CALL PCONNC*ACC3*,1,1,WRIST.PITCH®,ERR)

COMMANDS FOR ELBOW PITCH
SEND LABEL YO DIAL AND CONNECT 7O ROTATE FUNCTICN

CALL PFNCCELPITCH',*XROTATE*,ERR)

o OO

CALL PSNST('EL PITCH®,1,"DLABELSL',ERR)
CALL PCONNC®DIALS',4,1,°ELPITCH',ERR)

CONNECT INPUTS TO ACCUMULATOR

(2 NaNpl

CALL PFNC*ACCA4 '/ *ACCUMULATE',ERR)

CALL PCONNC'ELPITCH®,1,1,°ACC4°,ERR)
CALL PSNREA(0.0,2,°ACC4°,ERR)

CALL PSNREA(D.1,3,"ACC4°,ERR)

CALL PSNREAC1.0,4,°ACCAH*,ERR)

CALL PSNREA(180.0,5,"ACC4",ERR)

CALL PSNREA(=2.0,6,°ACC4*,ERR)

CONNECT ACCUMULATOR OUTPUT TO PROGRAM

o

CALL PCONNC*ACCA®,1,1, ELBOWPITCH",ERR)

COMMANDS FOR SHOULDER YAW
SEND LABEL TO DIAL AND CONNECT YO ROTATE FUNCTION

CALL PFNC*SHYAN®,*IROTATE’,ERR)

~ 2 N aNalaNel

- CALL PSNSTC'SH YAW',1,°DLABELS',ERR)
{ff} CALL PCONNC°*DIALS®,S5,1,°SHYAW',ERR)

: C
- L3 CONNECT INPUTS TO ACCUMULATOR
C

CALL PFNC'ACCS*»*ACCUMULATE',ERR)

el - DA . NN LT
AR VLTI AR R VR IR O

~ | . X

......... N ‘ P . P T T .. -
DRl e A AR AT At - Tt Y.t " L R R R L APYL NIE R R . et

W B PV A PRI % W) p_wA;_,_g__.\‘g.-‘_~_-A-"-_'-.~_'~.'-.- D N Y




Pl

L PN

Jo 8 R Dy 2

Ad
“ A

-

ol R D 2. S & L AR EL A

(a] [aNaNala s OO

[N a N el

[a N Nal

(s N a Nl

[a N el e Nal

CALL
CALL
CALL
CALL
CALL
CALL
¢
CALL
COMMAND
S
CALL

CALL
CALL

N W e e W S WALy

PCONN("SHYAW®*,1,1,"ACCS5°,ERR)
PSNREA(O0.0,2,"ACCS5',ERR)
PSNREA(O.1,3,°ACC5',ERR)
PSNREAC1.0,4,"ACC5%,ERR)
PSNREA(180.0,5,"ACCS5°,ERR)
PSHREA(-180.0,6,*ACCS5*,ERR)

ONNECT ACCUMULATOR OQUTPUY TO PROGRAM
PCONNC'ACCS®, 1,1, "SHOULDER.YAW 'L ERR)

S FOR SHOULDER PITCH

END LABEL TO DIAL AND CONNECT TO ROTATE FUNCTION
PFN(*SHPITCH',*XROTATE'* ,ERR)

PSNSTC*SH PITCH',1,°DLABEL6",ERR)
PCONN(*DIALS' /6,1, "SHPITCH ', ERR)

CONNECT INPUTS TO ACCUMULATOR

CALL

CALL
CALL
CALL
CALL
CALL
CALL

PFN(*ACC6*,» *ACCUMULATE®,ERR)

PCONNC*SHPITCH ' ,1,1,ACCH6,ERR)
PSNREA(D.0,2,°ACLO',ERR)
PSNREA(D.1,3,°ACC6*,ERR)
PSNREAC(1.0,4,°ACC6*FERR)
PSNREA(2.0,5,"ACCH*,ERR?}
PSNREA(-145.0,6:"ACC6"',ERR)

CONNECT ACCUMULATOR OQUYPUT TO PROGRAM

CALL

C

CALL
CALL
CALL
CALL
BUILD A

CALL

PCONNC*ACC6®,1,1,*SHOULDERLPITCH' ,ERR)
REATE A 3D VECTOR (IN FEET) TO TRANSLATE ARM
PFENC "XYVEC*,*VEC',ERR)
PFN("XYIVEC',*VEC',ERR)

PCONNC' XYVEC®,1,1,"XYIVEC*,ERR)
PCONNC*XYIVEC',1,1,"SHOULDER.TRAN',ERR)
WRIST

PBEGS(*WRIST*,ERR)

CALL PROTX(*PITCH',0.0,*"",ERR)

V(1)=.5415
v{2)=1.23

V(3)=.5415

CALL PSCALE(*™*,V,"CYLINDER®,ERR)

v(1)=0.0
v(2)=1.23

v(3)=0.0

CALL PTRANS(*™*,V,""',ERR)

CA
CA

LL PROTZIC('YAW',0.0,*"",ERR)
LL PROTY('RCLL*,0.0,""",ERR)
V(1)=.5415

V(2)=4.93
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V(3)=,5415
CALL PSCALEC(*™',V,*CYLINDER',ERR)
CALL PENDS(ERR)

BUILD A FOREARM (W/ ELSOW)

(o s N ol

CALL PBEGS('ELBOW',ERR)
v(1)=0.0
v(2)=0.0
V(3)=.,5415
CALL PYRANS(*™',V,*™',ERR)
CALL PROTX(C*PITCH®»0.0,°"*,ERR)
v<(1)=0.0
v(2)=0.0
V(3)==-,_5415
CALL PTRANS('™*,V,'"',ERR)
v(1)=.5415
V(2)=23.1625
v(3)=_,56415
CALL PSCALE(*™*,V,"CYLINDER®,ERR)
vV(1)=0.0
V(2)=23.1625
v(3)=0.0
CALL PTRANS(*™*,V,'WRIST,ERR)
CALL PENDSCERR)
C
C BUILD THE SHOULDER
C
CALL PBEGS(*SHOULDER®,ERR)
v(1)=0.0
v(2)=0.0
v(3)=0.0
CALL PTRANSC*TRAN®,V,*"*,ERR)
CALL PROTZ(*™*,9C.0,"CYL ,ERR)
vV(1)=.58
v(2)=1.083
v(3)=.58

CALL PSCALEC*CYL®*,V, CYLINDER',ERR)

CALL PROTX(*™',90.0,'"",ERR)
CALL PROTX(°PITCH*+»0.0,""",ERR)
CALL PROTZC(*YAW',0.0,*"",ERR)
V(1)=,5415
V(2)=20.921
V(3)=.5415
CALL PSCALE(*™',V,"CYLINDER®,ERR)
v(1)=0.C
v(2)=220.921
v(3)=0.0
CALL PTRANSC""°,V,"ELBOW',ERR)
CALL PENDSCERR)
<

C RESCALE SHOULDER FROM FEET TO KM AND NAME IT TARM®

<
v(1)=.0003048
v(2)=.0003048
vV(3)=2.0003048
CALL PSCALE('ARM',V,*SHOULDER',ERR)
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SUBROUYINE BANANA(X,OMEGA,C,T,REF,L,
ANEWSW,OLDSW, A, HAFWAY,RT,DELTAT,UPLJET,PICK,RVX)

c e

c THIS IS AN EXPLICIT GUIDANCE SCHEME. S

c IT SOLVES THE CLOHESSY-WILTSHIRE EQUATIONS FOR

¢ VELOCITY REQUIRED (VX,VY,VZ, TARGET FRAME) GIVEN

¢ A SPECIFIED RENDEZVOUS TIME (RT). VELOCITY YO

¢ BE GAINED (DELTAV) IS THEN COMPUTED AND TRANSFORMED

c TO BODY FRAME (DELVS). IF OUTSIDE THE VELOCITY

c DEADBAND (VDB), THRUST IS COMMANDED.

c LVLH IS USED TO MAINTAIN ATTITUDE WITH REPEATED

c CALLS TO *ALIGN'. B

c -
REAL X(6),OMEGA,REF(4),DUMT(3,3),VX,VY e
REAL T(3,3),DELTAV(3),DELVB(3),A,D,E,F Ll
REAL RANGE,BoVZ,QC4, - HAFWAY,RT,DELTAT,UP(3) e
REAL POS(3),8PCSC3),JETC4,12),RVX T

c -

INTEGER C(12),1,L(24)/NEWSW,CLDSW,PICK

L - DAP PANEL LIGHTS R
T - TRANSFORMATION MATRIX s
DUMT = DUMMY TRANSFORMATION MATRIX S
REF - REFERENCE QUATERNION FOR LVLH MODE e
OMEGA - ROTATION RATE OF TARGET ABOUT EARTH :

C - COMMAND SWITCHES

DELTAV ~ VEL CHANGE (TARGET FRAME)
DELVB - VEL CHANGE (80D FRAME)
RANGE - RANGE FROM TARGET _
RT - RENDEZVOUS TIME (SECONDS) Rt
AsBsD,E,Ff - INTERMEDIATE VARIABLES A—
VX,VY,VZ =~ VELOCITY NEEDED G
NEWSW = PRESENT CONDIYION OF 5(3) SR
OLDSW = LAST CONDITION OF $(3) e
HAFWAY = HALF DISTANCE TO TARGEY AR
X€¢6) - FUTURE PREDICTED POS/VEL T
DELTAT - TIME INCREMENT

UP = UP VECTOR (FOR ALIGNMENT)

JET - ACCELERATION AVAILABLE (F/Sw#2)
PICK - THRUST PROFILE SELECTED

RVX - FINAL RENDEZVOUS OFFSET DISTANCE

: : v
P DRI PRI

e NalaNaNaNeNaNaaNaXaEaNalaEaNs e NaNaNaNaNa N Nalal

NITIALIZATION R
INITIALIZATIONS ,
RANGE=ZSQRTCXC1)IAXCT1)+X(2)aX(2)+X(3)#X(3))

00 100 1=1,12
LC1)=0 5
L(I+12)=0 -

100  CONTINUE <

C SET DAP PANEL LIGHTS

L(2)=1
LC(3) =1
L(S) =1
LC?7Y=1
L(8)=1
L(9) =1
L{16)=1

. R e s e .. t. R - - . - . - o T T . . . - - N - Y
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LC20)=1
c USE LOW 2 FRCM 60-200 FEET

IF C(C(RANGE.LE.200.0) .AND.(RANGE.GE.60.)) THEN
LC17)=1

ELSE
L(21)=1

ENDIF

UPDATE TIME TO RENDEIVOUS

[aNa Ny

RT=RT=DELTAT

CHECK TO SEE IFf AUTOPILOY JUST SELECTED

IaNa N gl

IF C(OLDSW .NE. NEWSW) THEN
HAFWAY=1000000.
RVX=0.

ENDIF

CHECK TO SEE IF YOU ARE °HALFWAY® THERE
CACTUALLY &4/5 OF THE WAY THERE)

(g Nl aNal

IF (RANGE .LT. HAFWAY) THEN
RT=4.*RANGE
IF (RT .GT. 1200.) RT=1200.
IF (RANGE .GE. 250.) THEN
HAFWAY=250.
ELSE
HAFWAY=(RANGE=35.)/5.+35.
ENDIF
IF (XC1) .LT. 0.C) THEN
RVYX=¢35,
ELSE
RVX=~-35,
ENDIF
ENDIF

IF (RT .LT. 0.0) RT=100.
COMPUTE NEW REFERENCE QUATERNION BASED ON POSITION

g N aNel

CALL ALIGNC(XC1),X(2),X(3),DUMT,REF,UP)

CHANGE X(1) TO MISS HITYING TARGET BY
RVX DISANCE FEEY

X{1) =X (1) +RVX

COMPUTE DELTAV (TARGET FRAME)

(g N g Xal (o N NaNgl

SW=SINCOMEGA#RT)
CU=COSCOMEGA*RT)

RS Ax=3,0%RT+4.0¢SW/OMEGA

R ) B=(2.0/0MEGA) «(CW=-1.0)

2 F2X(1)-6.0%OMEGALX(2)*RT+6,.0+X(2) *SW
- D=SW/OMEGA

i Exf. 04X(2)-3.0eX(2)%CW
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C
VY=(~E-F«B/A)/(B*B/A+D)
VX=(=BaVY-F)/A
VI==X(3)+«0OMEGA*CW/SW
(o
DELTAV(1)=vyX~X(4)
DELTAV(2)=VY=X(5)
DELTAV(3)=vVZ~-X{(§)
c
(4 TRANSFORM TO 800Y FRAME
C
CALL RYOB(T,DELTAV,DELVB)
o
C DETERMINE IF YHRUSY IS REQUIRED
o VDB IS VELOCIYY DEADBAND
o
VDB=1.1#DELTAT
4
IF C(DELVB(1) .GT. VDBRJETY(PICK,1)) C(1)=1
IF (DELVB(1) .LT. VDB*JET(PICK,2)) C(2)=1
IF C(DELVB(2) .GT. VDB®RJET(PICK,3)) C(3)=1
_ IF (DELVB(2) LY. VDB*JET(PICK,4)) CL(4)=1
If (DELVB(3) .GT. VOBNJET(PICK,S)) C(S5)=1
IF (DELVB(3) .LT. VDOBAJET(PICK,6)) C(6)=1
. ¢
END
- Ea;f i~ 4
';';
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SUBROUTINE BTOR(T,B0D,REF)

T R R
<.
R
[ X2 Xa)

TRANSFORMS FROM BOD TO REF FRAME GIVEN TRANSFORMATION MATRIX T

REAL T(3,3),B0D(3),REF(3)

4 REFC1)2800C1)«T(1,1)+800C2)*T(1,2)+B80D0(3)*T(1,3)
REF(2)=B0D(1)+T(2,1)+BOD(2)*T(2,2)+80DC3)*T(2,3)

g REF(3)=80DC1)#T(3,1)+BOD(2)*T(3,2)¢B0D(3)*T(3,3)

- END
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SUBROUTINE CNECK(ANG,DB,WB,C1,C2,JET1,JET2, MAX,DELTAT)

’
»

THIS SUBROUTINE EXAMINES ANGLE (ANG) AND BODY RATE (wB) S
TO DETERMINE THRUST REQUIREEL YO RESTORE ANGLE WITHIN RS
DEADBAND (DB) WHILE NOT EXCEEDING MAX BIDY RATE (MAX)

A WINDOW IS SET UP (SA) TO STOP ROTATION. IF INSIDE WINDOW
AND APPROACHING IZERO, THRUST TO STOP.

REAL ANG,DB,WB,JET1,JET2, MAX,DELTAT,SA
INTEGER C1,C2/N

DELTAT = TIME INCREMENT -
SA =~ STOP ANGLE (ANGLE REQUIRED TO MAKE wW3=0) R
N = COUNTER FOR STOP ANGLE SOLUTION S
JET - ANGULAR ACCELERATION AVAILABLE Lo

SaAax

INITIALIZATIONS

—

€1=0
€2=0

CHECK IF OUTSIDE DEADBAND
IF (ABS(ANG) .GT. D3) THEN
CHECK IF WB IS GOING AWAY FROM SNAPSHOT AND CHOOSE THRUSY
IF (ANG*WB .GE. 0.0) THEN
IF (ANG «GT. 0.0) C2=1
IF (ANG .LT. 0.0) C1=1
ELSE

€ELSE WB IS MOVING TOWARDS SNAPSHOT. DETERMINE STOP
ANGLE (SA) AND CHOOSE THRUST.

If (ANG .GT. 0.0) THEN v
SA=ABS(.5«WB+WB/JET1)+DE*,9 “'I
N=INT(-WB/(JET2*DELTAT)) .
SAZABS(NaWB+JET24DELTATAN*(N-1)/2.0)*DELTAT+,.9+DB
IF (ANG .LE., SA) C1=1
SAZABS (o S*(WBH+JET2#DELTATI«#2/JETT)
SA=SA+,.9+DB+WBRDELTAT
IfF (ANG .GT. SA) (2=1 T
ELSE —_—
SA=ABS(.S5+WBaWB/JET2)+DB%,9 -
N=INT(-WB/CJETI*DELTAT))
SA=ABS(NAWB4JETI#DELTAT#N*(N=1)/2.0)*DELTAT+.9+0D8
IF C(ABSCANG) .LE. SA) (2=1
SA=ABS(.5*(WB+JETI+DELTAT) ««2/JET2)
SA=SA+.9+D3+WB«DELTAT
IF C(ABS(ANG) .GT. SA) C1=1
ENDIF
ENDIF
ENDIF

COMPARE RATES TO MAX RATE AND SET THRUST COMMANDS

1F (W8 .6T. 0.0) THEN
IF ((WB+DELTAT#JET1) .GT. MAX) C1=0
IF (WB .GT. MAX) (2=1
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«LT, =MAX) €2=0
LTe =RAX) CT=1

1F (CUBFDELVATRJET2)

If (w8
ENDIF

ELSE
END

A R, 2 o AT o h - GO O -
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SUBROUTINE CROSS(A,B8,C)
COMPUTES A =B X C

REAL A(3),B(3),C(3)
AC1)=BC2)#C(3)-8(3)+C(2)
AC2)=B(3)»C(1)-8(1)+C(3)
AC3)=B(1)*2C(2)-8L(2)+C(1)

END
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. } SUBROUTINE DISCCJIETTI,JET2,WB,DELTAT,RAX,C1,02,C01,C02,08,ANG) ‘.E -
dﬁg ¢ R
¢ ATTITUDE CONTROL SCHEME FOR ONE B0DY AXIS. ALSO e
. 3 APPLIES DISCRETE RATE (MAX) TO PRESENT B00Y RATE (W8). RO,
c IF DISC RATE WILL BE (OR IS BEING) EXCEEDED, COMMAND (C1.,C2) R
¢ IS SET TO ORING/MAINTAIN RATE WITHIN LIFITS. z
(4 . JTah
REAL JET1,JET2,0ELTAT, MAX,WB. T, DB, SA,ANG . NS
INTEGER C1,02,C01,C02 v
‘ 3 ANG = ANGLE FROM WHEN SNAPSHOT TAKEN A
“ ¢ SKAP = TRIGGER TO TAKE NEW SNAPSHOT
< 3 €01,2 - OLD COMMAND FROM RHWC
- 3 C1+2 = PRESENT COMMAND FROM RHC
3 3 08 ~ DEADBAND WIDTH (+/-)
y ¢ JET1,2 = ANGULAR ACCELERATION AVAILABLE
¢ W8 ~ BODY RATE C(FOR SELZCTED AXIS)
¢
_ ¢ COMPUTE PRESENT ANGLE FROR SNAPSHOT ANGLE
¢
ANGE=ANG+WB*DELTAT
- 4
¢ TAKE SNAPSHOT (SNAP=1) IF CONTROLLER KAS JUST BEEN MOVED TO NEUTRAL
¢

SNAP=0
IF CCC14C2) .EQ. 0) THEN
IF C(CO1~C1) .6T. 0) SNAP={
o IF €(C02-C2) .GT. D) SNAP=9
IF (SNAP .EQ. 1) ANG=0.0

~ g DETERMINE THRUST PROFILE
‘ CALL CNECKCANG,DB,WB,C1,C2,JET1,JET2,
- * MAX,DELTAT)
‘ ELSE
- E COMPARE RATES TO MAX RATE AND SET THRUST COMMANDS

IF (WB .GT. 0.0) THEN
IF ((WB+DELTAT#JETY) .GT. MAX) C1=0
IF (W8 .6T7. MAX) (C2=1
ELSE
IF C(CWB¢DELTATA4JET2) .LT. -MAX) (2=0
IF (W8 .LT. ~MAX) C1=1
- ENDIF
ENDIF
END
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SUBROUTINE ECOCHK(TABLE,JET)

4
4 ECOCHECK OF TABLE AND JET L
4 RS
REAL JET(4,12)
INTEGER I,J,TABLE(4,12.9)
3 ¢
o 175  FORMAT(1X,A5,3X,9C¢1X,12),5X,F8.5)
i c
X PRINT #,(CHAR(D027),CHARCO72),CHARCO27),CHARCO74))
& PRINT »," ECOCHECK OF VERNIER THRUSTER TABLE AND ACCEL®
PRINT s, °* .
" PRINT 175,° + X', (VABLEC1,1,4),3=1,9),JET(1,1)
M PRINT 175,° = X', CTABLE(1,2,4),4=1,9),JET(1,2)
o PRINT 175, + Y, (VABLEC1+,3,4)53=1,9),3ET(1,3) -
K . PRINT x,°* °*
x PRINT 175+ = Y',(TABLEC1,4,0)0,3%1,9),JET(1,4)
PRINT 175,° + 2',(TABLEC1/,5,3),3=1,9),3ET(1,5)
g . PRINT 175,% = Z2',(TABLEC1,6,4),3=1,9),0E7(1,6)
' PRINT »,' *

PRINT 175,%% ROL'L(TABLE(1,7/,d),d=1,9),dET(1.7)

- PRINT 175,°~ RCL*,(TABLE(1,8,0),3=1,9),JET(1,8)

o PRINT 175,'+ PCH ., (TABLEC1,9,0),321,9),J0ET(1,9)
PRINT »,* °*

- PRINT 175,°~ PCH' - (TABLE(1,10,0)/,J=1,9),JET(1,10)

% PRINT 175,°+ YAU', ETABLEC(1,11,3),J=1,9),JETC1,11)

'% PRINT 175,"= YAW', (TABLEC1,12,3),J=1,9),3ET(1,12)

< _ PRINT =,* ¢

7 PRINT *,° HIT RETURN TO CONTINUE® L.

b READ = e

- C ~

4 PRINT «,(CHARCO27),CHARCO72),CHARCO27),CHAR(CDT74))

b PRINT #,° ECOCHECK OF PRIMARY THRUSTER TABLE AND ACCEL'

»5 _ PRINT »,* °*

s PRINT 175,° + X', (TABLEC2,1,4),3=1,9),JET(2,1)

iy PRINY 175,° - X, CTABLEC2,2,4),3=1,93,JET(2,2)

PRINT 175,% + Y ', (TABLEC2,3,J),3=1,9),3ET(2,3)
PRINT =,

-
E PRINT 175,° = Y*',(TABLE(2+,4+0),3=1,9),JET(2,4)
. . PRINT 175,° + 2%, (TABLE(2,5,3),J=1,9),JET(2,5)
x PRINT 175,% = 7', (TABLE(2,6,3),3=1,9),3ET(2,6)
- PRINT »,* °*
. PRINT 175,%¢ ROL*,(TABLEC2,7,4),0=1,9)0JET(2,7)
" PRINT 175,"~ RCL',(TABLE(2,8,J),J=1,9),4ET(2,8)
- PRINT 175,°+ PCH ', (TABLE(2,9,0),0=1,9),JET(2,9)
-, R PRINT #,° *
3 PRINT 175,°- PCH®,(TABLE(2,10,4),34=1,9),JET(2,10)
L PRINT 175,'% YAW ', (TABLEC2,11,J0),0=1,9),JET(2,11)
- ~ PRINT 173,%~ YAW',(TABLE(2,12,3),J=1,9),JET(2,12)
< PRINT =,* !
/ PRINT #,* HIT RETURN TO CONTINUE® :
¢ _ READ #
Y ¢
N PRINT #,(CHARCO27) ,CHARCOT72)+CHARCO27),CHARCO74))
i i PRINT »,' ECOCHECK OF PII THRUSTER TABLE AND ACCEL®
PRINT #,° * .
. PRINT 175,° ¢ X', (TABLE(3,1,J),d=1,9),JET(3,1) NS

- PRINT 175,°
PRINT 175,"
3 PRINT #,° °*

X, (TABLEC(3,2,3)0,3=21,9),JET(3,2)
Y',(TABLE(3,3,4),J=1,9),J0ET(3,3)

*
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PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINY
PRINY

READ =

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINY
PRINT
PRINT
PRINY
PRINT
PRINT
PRINY
PRINT
PRINT
PRINY
PRINT
PRINY

READ =

PRINT
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175 = YU, (TABLE(3+,4,4),3=1,9)0JET(3,4)
175,° ¢ 2, CTABLE(3,5,3)+,321,9),JET(3,5)
’7?:: - 2%, CTABLE(3,6,4),3=21,9),JET(3,6)
%,

175¢°% ROL',CTABLE(3,7+,3),3=1,9),JET(3,T7)
175+%= RCL°,C(TABLE(3,8,J),3=1,9),3ET(3,8)
175,°¢ PCHY L (TABLE(3,9,4),4=159),JET(3,9)
.’. [ ]

175+°= PEN*,(TABLEC3,10,d)+0=1,9),47T7(3,10)
175,°¢ YA, CTABLEC3,11,4),d=1,9),JET(3,11)
175¢°= YAN',L,CTABLEC3,12,3)2J021,83),JET(3,12)
". L

*,% HIT RETURN TO CONTINUE®

*,CCHARCO27),CHARCO72) ,CHARCO27),CHARCO74))
%, ECOCHECK OF PIHI THRUSTER TABLE AND ACCEL®
.'l L]

175+° * X°,(TABLE(4,143)43=1,9),JET(4,1)
1750 = XN ,CTABLE(4,2,4),321,9)0,JET(4,2)
175, ¢+ YO, CTABLEC4,303)/,321,9),JET(4,3)
.'l ]

175+° = Y ', (TABLECL,420)0321,9),JET(4,4)
175, 4+ 2°,(TABLEC4,5,4),321,9),3ETL4,5)
175, = 2°,CTABLE(4/,6/,0)03=1,9)/JET(4,6)
.’l ]

175,°¢ ROL A (TABLECL,7,0)/,0=1,9)20ET(4,T)
175,°~ RCL*,CTABLEC4,8,4),0=1,9),JET(4,8)
175,%¢ PCH ' (TABLECA,5+,4)03=1,9)2JETC(4,9)
.'. .

175, PCN ', (TABLEC4,10,3),0=1,9),JET(4,10)
1725, VAN, C(TABLECL,11,J0)£,0=3,9),0ET(4,11)
175, YAN'LCTABLEC4,12,3),0=21,9),3ET(4,12)
." [ ]

*,* NIT RETURN TO CONTINUE®

*, CCHARCO27) o CHARCO72),CHARCO27),CHARCO74))
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THE FOLLOWING ERROR MANDLER DEMONSTRATES THE GENERAL
OVERALL RECOMMENDED FORM THAT THE USER'S OWN ERROR
HANDLER SHOULD FOLLOW.

THIS ERROR HANDLER UPON BEING INVOKED WRITES ALL
MESSAGES TO THE OATA FILE: 'PROERROR.LOG'. ERROR
AND WARNING EXPLANATION MESSAGES ARE ARE WRITTEN TO
A DATA FILE FOR 2 REASONS:

7. THE ERROR HANDLER SHOULD NOT IMMEDIATELY
WRITE INFORMATION OUY ON THE PS 300 SCREEN
SINCE THE EXPLANATORY TEXT DEFINING THE ERROR
OR WARNING CONDITION MAY BE TAKEN AS DATA 8Y
THE PS 300 AND THEREFOQORE WIND UP NOT BEING
DISPLAYED ON THE PS 300 SCREEN (AS IN THE
CASE OF A CATASTROPHIC DATA TRANSMISSION
ERROR).

LS8

Lol SRR SN 1
AR
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4
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2. THE LOGGING OF ERRORS AND WARNINGS TO A
LOGFILE ALLOWS ANY ERRORS AND/OR WARNINGS
YO BE REVIEWED AT A LATER TIME.
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B SUBROUTINE ERR ( ERRCOD ) R
) c
¢ PROCEDURAL INTERFACE ERROR HANDLER:
c

> - INCLUDE  *PROCONST.FOR/NOLIST®
- INTEGER#4 ERRCOD
% ) INTEGER*4 PSVMSERR
v- LOGICAL FILCPN
g DATA FILOPN /.FALSE./
i ) EXTERNAL  PSVPSEZRR, DETERH, PIDCOD
- If (FILOPN) GOTO 1
- - C
- c OPEN ERROR FILE FOR LOGGING OF ERRORS:
- c
2 i OPEN (UNIT=10, FILE=*PROERROR.LOG', STATUS='NEW',
R ) DISP='KEEP', ORGANIZATION='SEQUENTIAL',
o g ACCESS=*SEQUENTIAL', CARIIAGECONTROL='LIST®)
5“ N FILOPN = .TRUE‘
2 c END IFf
) 1 CALL PIDCOD (ERRCOD)

IF (ERRCOD .LT. 512) GOTO 3
WRITE (10, *) *PS-I1-ATDCOMLNK: ATTEMPTING TO °*
) /7 "DETACH PS 300/HOST COMMUNICATIONS ¢
17 CLINK,'

bl
("]

c WHEN WE ATTEMPT TO PERFORM THE DETACH, USE A

y
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DIFFERENT ERROR HANDLER SO AS NOT TO GET CAUGHT
IN A RECURSIVE LOOP IF WE CONSISTENTLY GET AN
ERROR WHEN ATTEMPTING TO DETACH.

CALL PDTACH (DETERNW)

CLOSE (UNIT=10)

IF (CERRCOD .LY. PSFPAF) .OR.
(ERRCOD GT. PSFPPF)) GOYO 2

IDENTIFY VMS SRROR IFf THERE WAS ONE

CALL LIBSSTOP (XVAL (PSVMSERR ()))
6070 3
ELSE
sToP
END IF
END IF
RETURN
END

SUBROUTINE DETERN (ERRCOD)

MAIN ERROR HANDLER DETACHM ERROR HANDLER:

INTEGER®4 ERRCOD
EXTERNAL PIDCOD

WRITE (10, #) °*PS~I-ERRWARDET: ERROR/WARNING *
/7 "TRYING TO DETACH *
// *THE COMMUNICATIONS®
WRITE (10, #) °LINK BETWEEN THE PS 300 AND THE MHOST,.®
CALL PIDCOD (ERRCOD)
REVURN
END

SUBROUTINE PIDCOD (ERRCOD)

PIDCOD: IDENTIFY PROCEDURAL INTERFACE COMPLETION
CODE.

INCLUDE ' PROCONST.FOR/NOLIST®

INTEGER24 ERRCOD

CHARACTER VMSDEF~133, PIDEF«133

INTEGER=4 PSVMSERR

CHARACTER MSSG1#55, MSSG2#67

PARAMETER (MSSGYT = ‘PS~W-UNRCOMCOD: PROCEDURAL °*
/7 "INTERFACE °*
/7 *(GSR) COMPLETION *)

EXTERNAL PSVMSERR

WRITE (10, *) °*PS-I-PROERRWAR: PROCEDURAL °*
77 *INTERFACE WARNING/®

LA ol - LI - s - ol Sl oibh so-g - iy
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g 17/
WRITE (10, »)
IF CERRCOD .NE.

E-34

*ERROR COMPLETION CODE WAS °*
*RECEIVED.'

PSWBNC) GOTO 1

WRITE (10, «) 'PS-W-BADNAMCHR: BSAD CHARACTER °
s /7 "IN NAME WAS *
g // *TRANSLATED YO: "_".°
GO0TO 1000
ELSE

1 IF CERRCOD .NE.
WRITE (10, »)
g /7
& X
WRITE €10, »)
G070 1000
ELSE
2 IF (ERRCOD .NE.
WRITE (10, *)
& /7
&

WRITE (10,
G0T0 1000
ELSE
7 If CERRCOD .NE.
WRITE (10, »)
g /7
] /7
WRITE (10, )
5070 1000
ELSE
8 IF (ERRCOD .NE.
WRITE (10, «)
g 1/
CALL PIBMSP
G0TO 1000
ELSE
9 If (ERRCOD .NE.
WRITE (10, »)
] 17/
WRITE (10, *)
] /7
WRITE (10, »)
CALL PIBMSP
GOTO 1000
ELSE
10 If C(ERRCOD .NE.
WRITE (10, =»)
& /7
g r/
CALL PIBMSP
60T0 1000
ELSE
11 1f (ERRCOD .NE.
WRITE (10, «)
2 /7
g /7
WRITE (10, =)

PSWNTL) GOTO 2

*PS-W-NAMTOOLON:
"LONG. NAME 4aAS !
'TRUNCATED TO *
*256 CHARACTERS.

NAME YOO °*

PSWSTL) 6O0TO 7

*PS~W-STRTOOLON:
'LONG. STRING °
*WAS TRUNCATED °
*TC 240 CHARACTERS.®

STRING TOO *

PSWAAD) GOYO 8

"PS-W-ATTALRDON:
‘ALREADY DOONE. '
*MULTIPLE CALL TO PATTCH WITHOUT®
"INTERVENING PDTACH CALL IGNORED.®

ATTACH *

PSWAKS) GOYO 9
"PS-W-ATNKEYSEE: ATTENTION KEY °*
*SEEN (DEPRESSED).?

PSw3GC) GOTO 10

"PS-W-BADGENCHR: BAD GENERIC °
*CHANNEL CHARACTER. BAD °
"CHARACTER IN STRING SENY VIA: !
*PPUTGX WAS TRANSLATED YO °

‘A BLANK.'

PSW8SC) 6270 11
'PS~W-BADSTRCHR: BAD °*
*CHARACTER IN SYRING wAS °
"TRANSLATED TO A BLANK.'

PSW3PC) GOTO 12
‘PS-W-SADPARCHR: BAD PARSER °*
*CHANNEL CHARACTER. B8AD *
*CHARACTER IN STRING SENY TO
*PS 300 PARSER VIA: PPUTP °*

R i i o € e L N e A - at

A

- 1 /7 "WAS TRANSLATED TO A BLANK.®
CALL PIBMSP
GOTO 1000

C ELSE

. g
(]

(IR
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12 IF (ERRCOD .NE.
WRITE (10, »)

& 17
& /7
WRITE (10, »)
GO0T0 1000
ELSE

13 IF C(ERRCOD .NE.
WRITE (10, »)

L 7/
& 17
WRITE €10, +)
6070 1000
ELSE

14 IF (ERRCOD .NE.
WRITE (10, «)

& /"
) 7
WRITE €10, »)
6070 1000
ELSE

15 If (ERRCOD .NE.
WRITE (10, »)
] /1
] /7
6070 1000
ELSE
16 IF C(ERRCOD .NE.
WRITE (10, «)
1] 'y
& /17
6070 1000
ELSE
17 IF C(ERRCOD .NE.
WRITE (10, «)
¢ 7
] 17
6070 1000
ELSE
18 IF (ERRCOD .NE.
WRITE (10, »)
¢ /1
L] 4
GOTO 1000
ELSE
19 IF (ERRCOD .NE.
WRITE (10, =)

¢ 1
] 17
WRITE (10, *)
] ¥
6070 1000
ELSE

20 IF C(ERRCOD .NE.
WRITE (10, =)

] 17/
2 /1
WRITE (10, +)
60T0 100C
ELSE

E-35

PSEIMC) GOTO 13
*PS-E-INVMUXCHA: INVALID °*
*MULTIPLEXING CHANNEL °*
*SPECIFIED IN CALL TO:°*
*PMUXCI, PMUXP, OR PMUXG.®

PSEIVC) GOTO 14
*PS-E-INVVECCLA: INVALID
*VECTOR LIST CLASS °*
*SPECIFIED’

*IN CALL TO: PVCBEG.'

PSEIVD) GOTO 15
‘PS=E-INVVECDIM: INVALID °
*VECTOR LIST DIMENSION °
*SPECIFIED IN CALL TO*
'PVCBEG.’

PSEPOE) GOTO 16
*PS-E-PREOPEEXP: PREFIX *
"OPERATOR CALL WAS °
"EXPECTED.®

PSEFOE) GOTO 17
*PS-E-FOLOPEEXP: FOLLOW °*
*OPERATOR CALL WAS °*
‘EXPECTED."

PSELBE) GOTO 18
*PS-E-LABBLKEXP: CALL TO *
*PLAADD OR PLAEND WAS °
‘EXPECTED.®

PSEVLE) 6OTO 19
*PS-E-VECLISEXP: CALL TO °*
'PVCLIS OR PVCEND °*

‘WAS EXPECTED.'

PSEAMV) GOTO 20
‘PS=E-ATTMULVEC: ATTEMPTED
*MULTIPLE CALL *

*SEQUENCE TO PVCLIS IS NOT®
*PERMITTED FOR BLOCK °
*NORMALIZED VECTORS.'

PSEMLB) GOTO 21
'PS-E-MISLABBEG: MISSING
‘LABEL BLOCK BEGIN CALL.
"CALL TO PLAADD OR PLAEND®
*WITHOUT CALL TO: PLABEG.®

- —-——
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21 1IF (ERRCOD .NE.
WRITE (10, «)

g 1/
(] 1/
WRITE (10, )
2 /7
GOY0 1000
ELSE

22 IF (ERRCOD o.NE.
WRITE (10, =)
% /7
GOY0 1000
ELSE
23 IF (ERRCCD .NE.
WRITE (10, «)

& ¥
] //
WRITE (10, =)
GOoTO0 1000
ELSE

24 IF (ERRCOD .NE.
WRITE (10, *»)

& 11
] 11/
WRITE (10, »)
] /1
g 17/
WRITE (10, *)
& /1
8 /7
WRITE (10, *)
GoTO0 100C
ELSE
25 IF (ERRCOD .NE.

WRITE (1C, #)

] 1/
8 1/
WRITE (1C, *)
& 1/
GOTO 1000
ELSE

26 IF (ERRCOD .NE.
WRITE (10, )

.4 11
) ’/
G070 1000
ELSE
27 IF (ERRCOD .NE.

WRITE (10, «)

3 ¥4
8 7/
WRITE (10, w»)
] 7/
& 177/
60T0 1000
ELSE
28 IF (ERRCOD .NE.

WRITE (10, «)
g 1/
] /7

AL Ak el o mid AR - ams asidr el 00 srel- ahic)
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PSEMVB) GOTO 22
'PS-E-MISVECBEG: MISSING °
*VECTOR LIST BEGIN °*

*CALL. CALL TO PvCLIS'

*OR PVCEND WITHOUT CALL °
*T0: PV(CBEG.'

PSENUN) GOTO 23
'PS-E-NULNAM: NULL NA%E !
"PARAMEYER IS NOT ALLOWED.®

PSEBCT) GOTO 24

*PS~E-BADCOMTYP: BAD °*
*COMPARISON TYPE OPERATOR '
*SPECIFIED IN °*

*CALL TO: PIFLEV.'

PSEIFN) GOTO 25
*PS-E-INVFUNNAM: INVALID °*

*FUNCTION NAME.,

*ATTEMPYED PS 300°

"FUNCTION INSTANCE FAILED !
*BECAUSE THE NAMED °*

*FUNCTION CANNOT POSSIBLY'
"EXIST. THz FUNCTION NAME !
"IDENTIFYING THE °*

*FUNCTION TYPE TO INSTANCE®

'"WAS LONGER THAN 256 CHARACTERS.®

PSENNR) GOTO 26
'PS-E~NULNAMREQ:
‘PARAMETER IS °
‘REQUIRED IN OPERATE NOODE'
*CALL FOLLOWING A PPREF OR
*PFOLL PROCCDURE CALL.?

NULL NAME °*

PSETME) G6OTO 27
*PS-E-TOOMANEND: TOO °*
*MANY END_STRUCTURE CALLS °
*INVOXED.'

PSENOA) GOTO 28
'PS~E-NQTATY: THE PS 3C0 °
*COMMUNICATIONS LINK °*

*HAS NOT

*YET BEEN ESTABLISHED. °*
*PATTCH HAS NOT BEEN *
PCALLED OR FAILED.®

PSEODR) GOYO 29
'PS-E~OVEDURREA: AN °
*OVERRUN OCCURRED DURING °*
'A RZAD OPERATION.'
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WRITE (10, <)

] '
] 7
WRITE (10, »)
& 7"
60T0 1000
ELSE

29 IF C(ERRCOD .NE.
38 IF (ERRCOD .NE.
WRITE (10, »)
g 'y
g 17
WRITE (10, =)
CALL PVAXSP
G0T0 1000
ELSE
39 IF (ERRCOD .NE.
WRITE (10, =)
g 17
& 77
WRITE (10, »)
CALL PVAXSP
6070 1000
ELSE
40 IF C(ERRCOD .NE.
WRITE (10, =)
g 17
& 11
WRITE (10, =)
CALL PVAXSP
GO0TO 1000
ELSE
41 1F (ERRCOD .NE.
WRITE (10, »)
g 17
& 77
G070 1000
ELSE
42 1IfF (ERRCOD .NE.
WRITE (10, =)
] 17/
& 17
60T0 1000
ELSE
43 IF (ERRCOD .NE.
WRITE (10, «)
8 17/
€CTO 1000
ELSE
44 IF (ERRCOD .NE.
WRITE (1C, )
] /17
60T0 1000
ELSE
45 If (ERRCOD .NE.
WRITE (10, v)

] 7/
] /!

WRITE (10, «)
] /77

R R T N N A R . & e & e e Al
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‘THE SPECIFIED INPUY BUFFER '
*IN CALL TO: PGET °*

*OR: PGETW®

"WAS TOO SMALL AND °*
*TRUNCATION HAS OCCURRED.'®

PREICP) GOTO 38

PSEPDT) GOTO 39
*PS-E-PHYDEVTYP: MISSING °
*OR INVALID PHYSICAL *

'DEVICE TYPE'

*SPECIFIER IN CALL TO PATTCH.®

PSELDN) GOTO 40
*PS-E~LOGDEVNAM: MISSING °*
*OR INVALID LOGICAL °*

*DEVICE NAME'®

*SPECIFIER IN CALL TO PATTCH.'

PSEADE) GOTO 41
'PS-E-ATTYDELEXP: ATTACH °*
*PARAMETER STRING *
'DELIMITER®

/%™ WAS EXPECTED.'

PSFPAF) GOTO 42
‘PS=F-PHYATTFAL: °*
*PHYSICAL ATTACH OPERATION °*
"FAILED.’

PSFPDF) GOTO 43
"PS-F-PHYDETFAL: PHYSICAL °*
"DETACH OPERATION °*
*FAILED.'

PSFPGF) GOTO 44
*P3-F~PHYGETFAI: PHYSICAL °*
*GET OPERATION FAILED.'

PSFPPF) GOTO 45
'PS=F-PHYPUTFAI: PHYSICAL °
‘PUT OPERATION FAILED.'

PSFBTL)Y GOTO 46
'PS-F-3UFTOCLAR: BUFFER °*
*T00 LARGE ERROR IN °*
*CALL TO: PSPUT.'

"THIS ERROR SHOULD NEVER *
YOCCUR AND INDICATES A °*




c

[aNaXaNal

[aNal

c

(] /1
WRITE (10, =)
CALL PVAXSP
G0TO 1000
ELSE
46 IF (ERRCOD .NE.
WRITE (10, »)

3 /7
& 7/
WRITE (10, «)
& /77
) 1/
WRITE (10, »)
& /7
] /7
WRITE (10, =)
CALL PVAXSP
6070 1000
ELSE

47 IF (ERRCOD .NE.
WRITE (1C, )

& 17
) 17

WRITE (10, +)
8 7/
2 /1

WRITE (10, =)

CALL PVAXSP

G070 1000
ELSE

PR L A aMe e o Ve ¥ A

E-38

"PROCEDURAL INTERFACE (GSR)'
"INTERNAL VALIDITY CHECK.®

PSFWNA) GOTO 47
*PS-F~WRONUMARG: WRONG °*
"NUMBER OF ARGUMENTS °*

*IN CALL TC PROCEDURAL'
YINTERFACE (GSR) LOW-LEVEL *
*I/0 PROCEDURE °*

*{SOURCE FILE: PROIOLIB.MAR).®
'THIS ERROR SHOULD NEVER '
*OCCUR AND INDICATES A °*
*PROCEDURAL INTERFACE (GSR)'
"INTERNAL VALIDITY (HECK.'

PSFPTL) GOTO 48
‘PS~F-PROTOOLAR: PROMPT °*
*BUFFER TOO LARGE *

YERROR IN CALL TO: PSPRCV.'
'THIS ERROR SHCULD NEVER *
'OCCUR AND INDICATES A °
*PROCEDURAL INTERFACE (GSR)®
"INTERNAL VALIDITY CHECK.®

UNKNOWN ERROR MESSAGE ERROR MESSAGE.

48 IF CERRCOD .GE.
MSSG2 = MSSG1
GOTO 51
ELSE

512) GOTO 49
I/ *WARNING®

49 IF (ERRCOD .GE. 1024) GOTO 50
MSSG2 = MSSG1 // 'ERROR *

GOTO 51
ELSE
50 MsSsG62 =
END IF
END IF

M538G1 /7 *FATAL ERROR °

51 WRITE (10, #*) MS5S86G2
WRITE (10, #) *CODE IS UNRECOGNIZED,.®
WRITE (10, =) °*PROBABLE PROCEDYRAL
8 // PINTERFACE (GSR) INTERNAL °*
] /7 *VALIDITY CHECK ERROR.'

END IF

1000 IfF CC(ERRCOD .LT.
£ (ERRCOD .GT.

PSFPAF) .OR.
PSFPPF)) GOTD 2000

CALL PSFVMSERR ( VMSDEF, PIDEF )

WRITE (10, )
8 /1
WRITE (10, »)
WRITE (10, w)
] /71
& 17
WRITE (10, *)

*DEC VAX/VMS ERROR ¢
*DEFINITION IS:°

VMSDEF

"PROCEDURAL INTERFACE ¢

*(GSR) INTERPRETATION OF °*
*DEC VAX/VYMS COMPLETION CODE:"
PIDEF

..... P
PO W R AN



E-39

2 - WRITE (10, ») °*DEC VAX/VMS ERROR CODE °*
N ) 7/ VALUE WAS: *, PSVYMSERR ()
: > 4 END IF

! 2000 WRITE (10, »)

. RETURN

" END

SUBROUTINE PIBMSP

? c
3 c PIBMSP: KRITE THE "IBM VERSION SPECIFIC”
P ¢ MESSAGE TO THE ERROR HANDLER FILE.
v:. c

o -

WRITE €10, #) *THIS ERROR/WARNING IS °

N ) /7 *APPLICABLE ONLY TO THE IBM °
-, R ] 77 °VERSION OF THE®

3 WRITE (10, *) *PROCEDURAL INTERFACE (GSR).®
3 RETURN

20 END
v“( ’ -
e SUBROUTINE PVAXSP

)

X \ , -)‘v c

' ‘i? 3 PVAXSP: WRITE THE "DEC VAX/VMS VERSION

¢ SPECIFIC™ MESSAGE TO THE ERROR

p. - ¢ HANDLER FILE.

4 ¢

AN WRITE €10, &) *THIS ERROR/WARNING IS °

’ ] /7 *APPLICABLE ONLY TO THE DEC °

) /1 *VAX/VMS VERSION OF*

y _ WRITE €10, #) °*THE PROCEDURAL INTERFACE (GSR).®
Y RETURN

2 END

i
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SUBROUTINE INITBUF(IBUF,CHAN,I0SB)

THIS SUBROUTINE FILLS IBUF WITH DATA THAT DOES NOT CHANGE
DURING PROGRAM. THIS DATAR IS USED TO ADDRESS PS300 MEMORY
LOCATIONS.

BN I
Q()

VOO O

INTEGER#4 SYSSQIO,SYSSSETEF,SYSSWAITFR

INTYEGER*4 CHAN,STATUS,SYSSASSIGN,SYSSQIOW,NAMADX(20)

INTEGER%x2 IB8UF(3 "I, NAMES(S5,20),NAMADR(2,20),10SB(4) ,BUFNUM

CHARACTER=®4 UNITY

EQUIVALENCE (NAHADR:NA“ADX)

DATA NAMES/ TA ', "RG /' T.", L0, 0K ,'XY*','2ZV*,'C.%»*LO','0K",
'GL'l'OB.I'E-' L0, 0K, ST, AR, 'S, "LO", 0K,
SGL ', '0B' ,'E ', TR, 'OT ', ST ', AR, 'S ', TR, 0T,
CGL',%0B "/ E. s TER S IOT L OSA L, TE L' L 'S REY,OTXY, .
XY s PT s H. A TR NI, XY, PTY,H. ', TR, "N2,
XYY PT  H. TR INIY XY ' PT Y, "Ha ', TRV, ONL,
'XY'I'PT':'N-' *TR*,*NS5°,
TIN®,CFO ', R /AN, GE ', "IN, 'FO',".R*,"RA",*TE",
'IN'I'FO':'.R'l'FU'I'EL'l'IN't'FO"'.R'I'TI'I'HE'I
XY, PT Y,  H ', SS L Y TRY XY, 'PT Y, "H.", RO, TL,
XY ', 'PT s "N, RO, TN/

- vud td e D i D wh b -

DATA UNIT/*PIAC?Y/

aNaNal

WAIT N

p0 5 J=1,100000
CONTINUE

SET UP HOUSEKEEPING

GET A CHANNEL NUMBER

[aNaNaNaNa Wy, ]

STATUS=SYSSASSIGNC(UNIT,CHAN, /)
IF(STATUSJNE. 1) THEN
TYPE #,*'BAD ASSIGN! <STATUS> = ',STATUS
svToe
ENDIF

DETACH FOR SAFETY: 34 ~=> DETACH FUNCTION CODE
STATUS=SYSSQIOWC(, XVALCCHAN) »XVAL(34)/,10S8Brvrosrrrr)

ATTACH: 33 ~=> ATTACH FUNCTION CODE

a NNl NaNalNal
o

STATUS=SYSSQIOWC(, XVALCCHAN) »XVALC33),108Brrrrsere)
IF(STATUS.NEL.1) THEN

TYPE #,'BAD ATTACH! <STATUS> = *,STATUS

STOP
ENDIF

GET THE ADDRESSES OF THE ENTITIES TO UPDATE
43 -=> LOOKUP NAMED ENTITIES FUNCTION CODE

L EaNaNaNal

0 DO 25 1=1,20
STATUS=SYSSQIOW(,XVAL(CHAN),%XVAL(43),10SB,,,NAMES(T,I),
1 IVALT0) AVALC(1) £ 0rs)

NN N R ST I
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1 (10$8¢3).0R.I0SB(4)).NE.O) GOTO 21 "l
TYPE #,*BAD ENTITY FETCH! <STAV,10S8> -- *,STATUS,I0S8 ot
sTop e
¢ A
c GET THE ADDRESS FROM OUT OF THE IO STATUS BLOCK (I0SB)
c
21 DO 24 J=1,2
NAMADR(J,1)=10SB(J+2)
24 CONTINVE
25 CONTINUE
4
4
c OFFSET THE ADDRESSES TO GEY PAST THE FIRST THREE FIELDS
¢ OF THE NODE WHICH WE DO NOT WANT TO CHANGE.
4
0 30 1=1,20
NAMADX (I)=NAMADX(I)+8
30 CONTINUE
¢
c OFFSET TEXYT BY AN ADDITIONAL 16
(4
D0 31 I=14,17
NAMADXCI)=NAMADX(I)+ 16
31 CONTINUE
c
¢ BUFFER 1 SETUP
4 TRANSLATION NEEDS 7 ELEMENTS
¢ ROTATION NEEDS 19 ELEMENTS
4 LOCKAT NEEDS 28 ELEMENTS
¢
IBUFC1) = 20 ! TWENTY BLOCKS
IBUF(2) = NAMADR(1,1) ! BLOCK ONE ADDRESS = TARGT.LOOK
IBUF(3) = NAMADRC2,1) ! BLOCK ONE ADDRESS
IBUF (4) = 27 ¢ WORD COUNT FOR BLOCK 1
IBUF(24) = 1 ! TRAN FLAG
IBUF(32) = NAMADR(1,2) ! BLOCK TWO ADDRESS = XYZVC.LOOK
IBUF(33) = NAMADR(2,2) ! BLOCK TWO ADDRESS
IBUF(34) = 27 ! WORD COUNT FOR BLOCK 2
x IBUF(S4) = 1 ! TRAN FLAG
.- - IBUF(62) = NAMADR(1,3) ¢ BLOCK 3 ADDRESS - GLOBE.LOOK
- IBUF(63) = NAMADR(2,3) ! BLOCK 3 ADDRESS
X IBUF (64) = 27 ! WORD CCUNT FOR BLOCK 3 RNIe
% - IBUF(84) = 1 ! TRAN FLAG R
i 18UF(92) = NAMADR(1,4) ! BLOCK &4 ADDRESS - STARS.LOCK T
IBUF(93) = NAMADR(2,4) ! BLOCK 4 ADDRESS
A -~ IBUF(94) = 27 ! WORD COUNT FOR BLOCK &
7 IBUF(114) = 1 ! TRAN FLAG
> - IBUF(122) 2 NAMADR(1,5) ! BLOCX 5 ADDRESS - GLOBE.TROT oy
IBUF(123) = NAMADR(2,5) ! BLOCK 5 ADDRESS R
1BUF(124) = 19 ! WCRD COUNT FOR BLOCK S ~
. .323 IBUFC144) 2 NAMADR(1,6) ! BLOCK 6 ADDRESS - STARS.TROT : ;
RN IBUF(145) = NAMADR(2,6) ! BLOCK 6 ADDRESS ARG
, IBUF(146) = 19 ! WORD COUNY FOR BLOCK & RN
\ - RN
I IBUF(166) = NAMADRC1,7) ! BLOCK 7 ADDRESS - GLOBE.EROT B
SR R o ' e e e e -\:
S i ﬁi.,.,~;-;.;3:x‘-;\;4;;;. ---- e e e T T - \
NN N SV A I SO S A ANRARAS AN




IBUF(167)
IBUF(168)
IBUF(188)
IBUF(189)
IBUFC190)

I8UF€210)
IBUF(211)
IBUF(212)
IBUF(220)
IBUF(221)
IBUF(222)
IBUF(230)
IBUF(231)
IBUF(232)
IBUF(240)
IBUF(241)
IBUF(242)
IBUF(250)
IBUF(251)
IBUF(252)
IBUF(260)
IBUF(261)
IBUF(262)
IBUF(266)
I8UF(267)
IBUF(268)
18UF(272)
IBUF(273)
IBUF(274)
IBUF(278)
IBUF(279)
IBUF(280)
IBUF(284)
IBUF(285)
IBUF(286)
IBUF(294)
IBUF(295)
IBUF(296)
IBUF(316)
1B8UF(317)
IBUF(318)

END

LU | S TR}
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NAMADR(2,7)
19
NAMADR(1,3)
NAMADR(2,8)
19

NAMADR(1.,9)
NAMADR(2,9)
7
NAMADR(1,10)
NAMADR(2,10)
?
NAMADR(1,11)
NAMADR(2,11)
7
NAMADR(1,12)
NAMADR(2,12)
7
NAMADR(1,13)
NAMADR(2,13)
7
NAMADR(1,14)
NAMADR(2,14)
3
NAMADR(1.,15)
NAMADR(2,15)
3
NAMADR(1,16)
NAMADR(2,16)
3
NAMADR(1.,17)
NAMADR(2,17)
3
NAMADR(1,18)
NAMADR(2,18)
7
NAMADR(1,19)
NAMADR(2,19)
19
NAMADR(1,20)
NAMADR(Z2,2C)
19

rm um taD san tem

en YED SEm Gds FED LaD AN SES SUD LGP S4B S} CUA AR B Jen tub LGN sae PED sab Cab AR SED Gah SaD WD CUR @D tud tud odn AD Sab A owd

BLOCK 7 ADDRESS

WORD COUNT FOR BLOCK 7

BLOCK 8 ADDRESS = SATEL.PK-4
BLOCK 8 ADDRESS Lt
WORD COUNT FOR BLOCK 8

BLOCK 9 ADDRESS = XYPTH.TRN1
BLOCK 9 ADDRESS
WORD CCUNT FOR BLOCK 9

BLOCK 10 ADDRESS = XYPTH.TRN2'

BLOCK 1) ADRESS

WORD COUNT FOR BLOCK 10 .
BLOCK 11 ADDRESS - XYPTH.TRNS
BLOCK 11 ADRESS

WORD CCUNT FOR BLOCK 11 .
BLOCK 12 ADDRESS = XYPTH.TRN
BLGCK 12 ADRESS

WORD COUNT FOR BLOCK 12

BLOCK 13 ADDRESS - XYPTH.TRNS
BLOCK 13 ADRESS

WORD COUNT FOR BLOCK 13

BLOCK 14 ADDRESS - INFO.RANGE
BLCCK 14 ADRESS

WORD COUNT FOR BLOCK 14

BLOCK 15 ADDRESS - INFO.RRATE
BLOCK 15 ADRESS

WORD COUNT FOR BLOCK 15

BLOCK 16 ADDRESS =~ INFO.RFUEL
BLOCK 16 ADRESS .
WORD COUNT FOR BLOCK 16 . .-
BLOCK 17 ADDRESS - INFO.RYw#E
BLOCK 17 ADRESS

WORD COUNT FOR BLOCK 17

BLOCK 18 ADDRESS - XYPTH.SSTR
BLOCK 18 ADRESS

WORD COUNT FOR BLOCK 18

BLOCK 19 ADDRESS - XYPTH.ROTZ
BLOCK 19 ADRESS

WORD COUNT FOR BLOCK 19

BLOCK 20 ADDRESS = XYPTH.ROTX
BLOCK 20 ADRESS

wWORD COUNT FOR BLOCK 20
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SUBROUTINE IOBUFF (IFUNC,S,L,C,RESET)

INTEGER S(24),1.C€24),CC12)
INTEGER IFUNC,RESET

INTEGER®2 DATAOUT,DATAIN

o INTEGER«2 DIBUF(10),D08UF(10)
N INTEGER*4 ISTAT,ICALL

‘. INTEGER*4 NCHAN,DOF'.AG,DIFLAG

REAL ARATE,RATE

DATA DOFLAG,DIFLAG/3,5/
) DATA NFRAME/10/
: DATA MODEOUT,MODEIN/B,7/
DATA IUNIT/1/
DATA ICHAN/1/
DATA NCHAN/1/
. DATA ISMODE/O/
v OATA INIT/1/
3 DATA RATE/80000.0/

e e T

< G0 TO (100,200 IFUNC

» 100 CALL LPATIO CINIT,IUNIT,,RATE,»+,s»ARATE,ISTAT,ICALLs )
N ‘ IF (.NOT. ISTAT) GO YO 950
X RETURN

v 200 CONTINUE
. qﬁa DATAOUT=*0000° X
: 0 210 1=1%,6
210 DATAQUT=DATAOUT*L(I) w20a(I~-1)
DO 220 I=1,NFRAME
220 DOBUF(I)=DATAOUT .XOR. °*FFFF'X
CALL LPAIO (MODEOUT,IUNIT,DOFLAG,,ICHANSNCHAN,NFRAME,DOBUF,,
1 ISTAT,ICALL,,ISMODE)
IF (.NOT., ISTAT) GO TO 950
CALL SYSSWALITFR (XVALIDOFLAG))
230 CALL LPAIO €18,000r77771STATLICALL,LSTAT,)
CALL LPAIO (MODEIN,IUNIT,DIFLAG,-ICHAN,NCHANSNFRAME,DIBUF,.,
)24 1 ISTAT,ICALL,»ISMODE)
IF (.NOT. ISTAT) GO Y0 950
CALL SYSSUWAITFR (XVAL(DIFLAG))
240 CALL LPAIO (175,000 700s¢1STAT,ICALLALSTAT,)
IF CCISTAT.NE.=1).AND.(LSTAT.NE.T)) GO TO 240
DATAINS(DIBUFC1) . XOR.*FFFF*'X)
SC1)SDATAIN .AND. 1
S(2)=(DATAIN .AND. 2)72
S(3)=(DATAIN .AND. 4)74
SC4)=(DATAIN .AND. 8)/8
S(S)S(DATAIN .AND. 16)716
S(6)s(DATAIN .AND. 32)7/32
RESET=((64.XOR.DATAIN) .AND. 64)764

LAY e AR
tataltetlalatal

oy kRN

a
Fed

3

Salaltatalal

DATAOUT='*4000"X
ARNESRN D0 250 127,15
SRR 250 DATACUT=DATAOUTHL(I) 2200 (1~-7)
h - DO 260 I=1,NFRAME
Vo 260 DOBUFC(I)=DATAQUT .XOR. °*FFFF*X
;1 CALL LPAIO (MODEQUT,IUNIT,DOFLAG,»ICHAN,NCHAN,NFRAME,DOBUF,,
- 1 ISTAT,ICALL,,ISMODE)
=
ﬂi g ’ e
N e L e e T ey e e B T N e e iy N
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IF (.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (XVAL(ODOFLAG))

270 CALL LPAIO 18,902 7027,ISTAYTL,ICALL,LSTATY,) e
IF CCISTAT.NE.-1).AND.CLSTAT.NE.1)) GO TO 270 G
CALL LPAIOQ C(MODEIN,IUNIT,DIFLAG,, ICHANSNCHANSNFRAME,DIBUF,,

1 ISTAT,ICALL,,ISMODE)
IF (.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (XVALC(DIFLAG))

280 CALL LPAIO (17404272702 ISTATL,ICALL,LSTAT,)

IF C(CISTAT.NE.~1).AND.(LSTAT.NE.T)) GO YO 280
DATAIN=(DIBUF(1) . XOR.'FFFF'X)
S(7)=DATAIN .AND. 1
S(8)=(DATAIN .AND. 2)/2
S(9)=(DATAIN .AND. &4)/4
S(10)=(DATAIN .AND. 8)/8
S(11)={DATAIN .AND. 16)/16
$€12)=(DATAIN .AND. 32)/3¢
SC13)=(DATAIN .AND. 64)/64
SC14)=(DATAIN .AND. 128)/128
SC1S)={DATAIN .AND. 256)/256
DATAOUT="8000"X

DO 290 I=16,24

290 DATACUT=DATAQUT+L(I)#2wx(1-16)
DO 3CO I=1,NFRAME
- 300 DOBUF(I)=DATAQUT .XOR. *FFFF'X

CALL LPAIO (MODEOQUT,IUNIT,DOFLAG,,ICHANLNCHAN,SNFRAME,DOBUF,,
1 ISTAT,ICALL,~,ISMODE)
IF (.NOT. ISTAT) GO T0O 950
CALL SYSSWAITFR (XVAL{(DOFLAG)) -
310 CALL LPAIO (1383440707272 1STAT,ICALLALSTAT,) SRy
IF CCISTAT.NE.~1)<AND.(LSTAT.NE.1)) GO TO 310 <
CALL LPATIO (MODEINL,IUNIT,DIFLAG,oICHANSNCHANSNFRARE,DIBUF.,,
1 ISTAT,ICALL,»ISMOOE)
IF (.NOT. ISYAT) GO TO 950
CALL SYSSWAITFR (XVAL(DIFLAG))
320 CALL LPAIC (€17 +2vr7srrsr72I1STAT,ICALLALSTAT,)
IF (CISTATANE.~1).ANO.(LSTAT.NE.1)) GO TO 320
DATAIN=(DIBUF(1).XOR.*FFFF'"X)
SC16)=DATAIN AND. 1
SC17)=(DATAIN .AND. 2)/2
S(18)=(DATAIN AND. 4)7/4
SC19)=(DATAIN .AND. 8)/8
SC20)=(DATAIN .AND. 18)716
SC(29)=(DATAIN .AND. 32)/732
S(22)=(DATAIN AND. £4)/64
SC23)=(DATAIN .AND. 128)7128
SC(24)=(DATAIN .AND. 2568)7256
DATAQUT=*CO00"X
DO 340 I=1,NFRAME
340 DOBUF(I)=DATAQUT .XOR. "FFF/'X
CALL LPAIO (MODEOQUT,IUNIT,DOFLAG,,ICHANLNCHANASNFRAME,DOBUF,,
1 ISTAT,ICALL,-,ISMODE)
IF (.NOT. ISTAT) GO TO 950
CALL SYSSWAITFR (XVAL(DOFLAG))
350 CALL LPALIO (18/srrrrrrrs ISTATLICALLALSTATY,)
IF CCISTAT.NE.—1) . ANDL(LSTAT.NEL.T)) GO TO 350

Ta ety N uN 5
e e gty
F RRFLILI A4

g Ju

L3

PR E

-

L3 ¥

\ CALL LPATO (MODEIN,IUNIT,DIFLAG,, ICHAN/NCHAN/NFRAME, DIBUF, A1
q . 1 ISTAT,ICALL,,ISMODE) el
% IF (.NOT. ISTAT) GO TO 950

ﬁ CALL SYSIWAITFR C(AVAL(DIFLAG))
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360 CALL LPAIO €17200¢0070s1STATLICALLALSTAT,)

éﬂ? IF CCISTAToNE.~1).AND.(LSTAT.NE.1)) GO TO 360

DATAIN=(DIBUFC1) . XKORL FFFF'X)

CC1)5C1.XOR.DATAIN) .AND. I

€C2)=((2.XOR.DATAIN) .AND. 2)/2

CC3)=C(DATAIN AND. 4)/é

CC4)=(DATAIN .AND. 8)/8

CC5)=(DATAIN .AND. 16)/16

CC6)=(DATAIN .AND. 32)/32

CC7)=(DATAIN .AND. 64)/64

: C(8)=(DATAIN .AND. 128)/128
i CC9)=(DATAIN .AND. 256)/256
) ; C710)=(DATAIN .AND. 512)/512
JI CCT1)=(DATAIN AND. 1024)/1024
b CC12)=(DATAIN .AND. 2048)/2048
VI RETURN
950 CONTINUE

by WRITE (5,1950) ISTAT,ICALL

4 1950 FORMAT (* ERROR IN CALL: STATUS = *,16,° FROM CALL #°,16)

] CALL EXIT

A END o

LNENDENL A

o A
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SUBROUTINE LINTEG(X,OMEGA,A,DELTAT)

THIS IS A FIRST ORDER INTEGRATION SCHEME FOR TRANSLAYICONAL S
ACCELERATIONS IN THE REF (C~W) FRAME USING C-W EQUATIONS POAES

REAL X(6),XDOT(6),A(3),OMEGA,DELTAT
INTEGER J

AC1-3) - X,Yr,Z ACCELERATION

X(1-3) - X,Y,Z POSITION

X(6=6) - X,Y,I VELOCITY

DELTAT TIME STEP

OMEGA ~ ANGULAR RATE OF TARGET ABQUT EARTH

XpOT (1) =X(4)
X20T (2)=%X(5)
XDOT (3)=X(6)

BELOW ARE THE LINEARIZED EQUATIONS OF MOTION FOR AN INTERCEPT
VEHICLE RELATIVE YO A TARGET VEHICLE IN A CIRCULAR ORBIT
WITH KEPLARIAN MOTION

XDOT(4)=A(T)~2.0«0MEGA*X(S)
XDOT(5)=A(2)+3.0%OMEGA*OMEGA*X(2)+2 . O%OMEGA#X(4)
X0O0T(63=A(3)-X(3)*CMEGA~OMEGA

PO 100 J=1,6
XCII=XC(I)+DELTAT2XDOT(J)
CONT INUE

e
.

a

END —
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SUBROUTINE LOOK(T,X,OMEGA,TIME,FUEL,IBUF,CHAN,I0S8)

DETERMINES WHERE CAMERA IS POINTING (AT)

FROM SHUTTLE POSITION (X1,X2,X3) AND TRANSFORMS
FROM RH TO LH CARTESIAN COORDINATES (FM)

FOR VIEWING ON EVANS & SUTHERLAND PS3CO0.
ODETERMINES UP VECTOR FOR PS300 AND COMPUTES

EARTH AND STAR ROTATIONS AND POSITION OF HORIZION.
ALSO COMPUTES HEADS UP DISPLAY DATA.

INFORMATION IS THEN SENT TO THE PS300 FOR DISPLAY.

VI CIAIAINIAIION

INCLUDE °*LALFANOIPROCONST.FOR/NOLIST®

- REAL CAMC(3),T(3,3),X(6),MAT(4,4)
REAL OMEGA,TIMELUP(3), RRATE,FUEL,RANGE,DT
REAL*4 TROT,EROTA,AT(3),FM(3),VI(3),UPPS(3),RSAT
- REAL®4 XYPTH(3I),NEWX(3),BMAT(3,3),BVEC(3),AMAT(3,3)

INTEGER24 CHAN,SYSSQIO,SYSSQIOW
- INTEGER*2 1088(4),IBUF(337)

COMPUTE SMUTTLE POSITION, RANGE AND RANGE RATE
WRT C=o FRAME (IN LH SYSTEM).

)
[aNalNaNal

FMC1)=x(1)
- FM(2)=X(2)
FM(3)==X(3)

ey RANGE=SQRTIX(1Iw#24X(2) 4 424X (3)ne2)
ﬁﬁ? RRATE=(XCTI) X (L) +X(2I#X(5)+X(3)axX(6))/RANGE
1fF (ABS(RRATE) .LT. .1) RRATE=0.D

COMPUTE SHUTTLE POSITION AND SCALE DOWN FOR
HUD XYPTH DISPLAY.

O N

XYPTH(1)=X(1)/100.
XYPTH(2)=X(2)/100.
& - XYPTH(3)=-X(3)7100.

ASSIGN VALUES TO CAMERA LOOK VECTOR IN BODY FRAME
(I. E. = LOOK UP OUT OF PAYLOAD BAY)

[aNaNa Nyl

CAM(1)=0.
- CA"(2’=0.
CAmM(3)==-1000.
c
- ¢ TRANSFORM TO REF FRAME
¢
CALL BTYOR(T,CAM,AT)

ADD SHUTTLE POSITION YO CAMERA VECTOR (REF FRAME)
AND CONVERT TO LEFT HANDED GRAPHICS COORDINATE SYSTEM,.

2 NaNalNal

ATCI)=ATC1) +FMCT)
. AT(2)=AT(2) +FN(2)
Ry AT(3)2=AT(3)+FM(3)

ASSIGN VALUES TO UP VECTOR IN BIDY FRAME.
(I. €. = OUT NOSE OF SHUTTLE)

[a N aNaNal

-" '-' '-q ‘h. .- ". '.A '.. -~ “. RN '. '''''''''''''''''''''''''' e ™ - N .
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uP(1)=1000.
urP(2)=0.
urP(3)=0.

TRANSFORM TO REF FRAME, TRANSLATE TO 'AT® IN LH SYSTE™ ‘i:p

[aleNal

CALL BTOR(T,UP,UPPS)

UPPS(1)=AT(1)+UPPS(1)
UPPS (2)=AT(2)+uPPS(2)
= UPPS(3)=AT(3)-UPPS(3)

o

CONVERT AY,FM AND UPPS FRCM FEEY TO METERS

[N e

ATC1)=AT(1) », 3048
AT(2)=AT(2)%.3048

- AT(3)=AT(3)*.3048
FM(1)=FM(1) x.3048
FM(2)=FM(2)«.3048

- FM(3)=FM(3)2.3048
UPPS(1)=UPPS(1)%,.3C48
UPPS (2)=UPPS(2)2.3C48

- UPPS(3)=UPPS(3)+.3048

DETERMINE EARTH ROTATION (DEG)

T O

EROT=TIMES_,004178075
c
- C DETERMINE TARGET ROTATION (DEG)
¢
TROT= OMEGA*S57.29577951+TIME

DETERMINE SATELLITE SPIN (DEG)

[aRaNel

- RSAT==TIME~#30.0

SEND INFORMATION TO PS300

OO0

& CALL P919CVIXYPTH,3, 1BUF(287))
- - CALL ROT(90.,1,AMAT)
CALL P919CV(AMAT,9,IBUF(319))

N CALL TUHT(T,AMAT)

~ - CALL P919CVC(AMAT,9,IBUF(297))
L
.
'
L'\
-
|

CALL ROT(RSAT,1,AMAT)
- CALL PY919CV(AMAT,9,IBUE(191))

CALL ROT(~EROT,Z,AMAT)
CALL P919CV(AMAT,9,IBUF(169))

" - CALL ROT(TROT,3,AMAT)
- CALL PO19CV(AMAT,?,IBUF(125))
CALL PI19CVI(AMAT,9,ISUF(147))

- CALL LOOXAT(AT,FM, UPPS,BMAT,BVECL)
CALL PI1ICV(BMAT,I,1I8UF(5))

CALL PIIOCV(BVEC,3,I8UF(Z5))

CALL PO19CV(BMAT,9,1BUF(35))

CALL PII19CV(BVEL,3,IBUF(55))

o CALL PSNREA(CRANGE*.01,1,"XY2ZVECSCL'",ERR)

-------------
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RESCALE Y0 DUS

[a Mo N a

00 S7 I=1,3
AT(I)=AT(1)/6378135.
FMCIX=FM(I)/76378135.
UPPSC(I)=UPPS(1)/6378135.

57 CONTINUE

CALL LOOKATCAT,FM,UPPS,BMAT,BVEC)
CALL PR19CV(BMAT,9,1BUF(65))
CALL P919CV(BVEC,3,13UF(85))
CALL PO19CV(BMAT,9,IBUF(95))
CALL P919CV(BVEC,3,I3UFC115))

CALL NUMBER(RANGE,IBUF(263))
CALL NUMBER(RRATE,IBUF(269))
CALL NUMBER(FUEL,IBUF(275))
CALL NUMBER(TIME,IBUF(281))

COMPUTE FUTURE POSITIONS FOR HEADS UP DISPLAY e
AND SEND TO PS300 (DT IS TIME INCREMENT) S

[a N aNala)

0T=300.

CALL PREDPATHC(OMEGA,DT,X,NEWX)
CALL P919CVI(NEWX,3,1BUF(213))
CALL PREDPATH(OMEGA,2.*DT,X/NEWX)
CALL PI19CVINEWX,3,IBUF(223))
CALL PREDPATH(CMEGA,34DT,X,NEWX)
CALL PP19CVINEWX,3,1BUF(233))
CALL PREDPATHC(OMEGA,4.2DT,X/NEWX)
CALL PI19CVINEWX,3,IBUF(243))
CALL PREDPATH(OMEGA,S.«DT,X,NEWK)
CALL POT1ICVINEWX,3,IBUF(253))

DO A WRITE SYNC

42 WRITE SYNC FUNCTION CODE

1088 10 STATUS BLOCK

18UF DATA BUFFER CACTUALLY ADDRESS OF BUFFER, 8Y REFERENCE) BN
674 DATA BYTE COCUNT (337 WORDS) e
0 NOT CHARACTER DATA (1 = CHARACTER DATA) R

.
s N aNaNaNaNaRala Nyl

SEND ALL DATA ' (

STATUS=SYSSQIOCXVALCT) »XVALCCHAN) »XVAL(42),1058,/,/
+ IBUFC1) »XVAL(674),XVAL(O),0r))

If (STATUS .NE. 1) THEN S
TYPE *,'8AD WRITE <STATUS,IOSB>*,STATUS,I0SS ' ‘;
sToP -

ENDIF NS

-... .<_ AL
o L « s e . L
PRI a.A-m?l"L'."'.'A'.w

END

[a N alaNal

SUBROUTINE ROT(ANGLE,IAXIS,AMAT)

[a N o]

ROUTINE TO GENERATE ROTATION REQUESTS TO PS300 iy

SIT e A,
4,
B

PRI IR
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CALLING SEQUENCE:
CALL ROTCANGLE,IAXIS,AMAT)
WHERE: I
ANGLE IS THE REAL#4 ANGLE FOR ROTATION, IN DEGREES. NEED NQT BE LIMITE:
YO A SINGLE CIRCLE. :

TAXIS IS THE INTEGER#=2 AXIS OF ROTATION (1=X, 2=Y, 3=2).
AMAT IS THE REAL 3X3 MATRIX CALCULATED

e,
?r 4
PR PR

s N e NaNsNaNaNaNaNallaNaNeNal

- INTEGER*Z IAXIS,I,J
REAL ANGLE,AMAT(3,3),P1180
DATA PI18G/70.017453/ -

IOXCI)=MOD(I+2,3)+1 ! STATEMENT FUNCTION (NOT AN ARRAY)

- IFCIAXIS.LT.1.0R.IAXIS5.5T.3) STOP *PSLI3-~AXIS OUT OF BOUNDS®
00 1C 1=1,3
DO 10 J=1,3
- 10 AMAT(I,J)=0.E0
RADIAN = ANGLE » PI180 g
C=COSC(RADIAN) S
~ S=SIN(RADIAN) ~
AMAT(IAXIS,IAXIS)=1.E0 o
I=I0X(IAXIS-1)
- J=IDXC(IAXIS+1)
AMATCI, ) =C
AMATCJ,d) =C
- AMAT(I,J)=5 o
AMATC(J,1)==5 -
RETURN N
- END

Eaws
AN

[aNalalal
-

SUBROUTINE TLHT(T,AMAT)

ROUTINE TO CONVERT A RIGHT HANDED ROTATION MATRIX (T)
YO A LEFY HANDED ROTATION MATRIX (AMAT)

CALLING SEQUENCE: -

CALL TLHT(T,AMAT)

, . r ._,,,,q
B SAAANRFIAN . ISRV
!

aNaNaNaNaNale el

REAL AMAT(3,33,7(3,3)

]
(o]

AMAT(1,1)=T(1,1) -
AMAT(2,1)=T(2,1) -
AMAT(3,1)==-7(3,1)

AMAT(1,2)=T(1,2)

AMAT(2,2)=T(2,2)

- AMAT(3,2)==-T(3,2) S
o AMATC1,3)=-T(1.,3) _ —
. AMAT(2,3)=-T(2,3) FRORTI

: AMAT(3,3)=T(3,Y) e
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RETURN

? %@@ END

SUBROUTINE PI19CVI(MATRIX,N,BUFFER)

Ry

o
™

ROUTINE TO CONVERT A VAX REAL ARRAY TO ACP FLOATING=POINT FORMAT

Rz XaNe X [ NaNaNal

THIS ROUTINE CONVERTS AN ARRAY OF VAX SINGLE-PRECISION REAL NUMBERS INTO
A NORMALIZED ARRAY OF 32-BIT ACP MANTISSAS, WITH THE ARRAY PRECEDED BY

A 16-81T7 EXPONENT. THE MOST SIGNIFICANY ELEMENT IN THME ARRAY IS NORMAL-
1943128

FORTRAN CALLING SEQUENCE:

PR L
L)

CALL PO19CVIMATRIX,N,BUFFER)
WHERE:

2 22544

MATRIX IS AN N-ELEMENT REAL=4 ARRAY OF VAX FLOATING-POINT NUMBERS.

N IS THE INTEGER*2 SIZE OF ARRAY MATRIX.

BUFFER IS THE INTVEGER#2 ARRAY, OF LENGTH 2N+1, INTO WHICH THE RESULT IS
PLACED, WITH THE EXPONENT WORD FIRST, FOLLOWED BY THE ARRAY OF
32-81T MANTISSAS.

o

(o Na Moo NaNaNaNa e No oo le el Nyl

. INTEGER*2 N,BUFFER(2¢N+1),FWORD(2)
% REAL MATRIX(N),DMAX

X INTEGER®L PSMEXP,PSMFRA,PSMNOR,OWORD,EOWORD

- EQUIVALENCE (DWORD,FWORD(1))
¢ FIND LARGEST REAL NUMBER TO OBTAIN EXPONENT

DMAX=0.

- 00 10 I=1,N

10 DMAX=AMAXTCDOMAX,ABSCMATRIX(I)))

4 USE EXPONENT OF LARGEST NUMBER FOR NORMALIZATION
DWORD=PSMEXPC(DOMAX)
BUFFERC1)=FWCRD(Y)
EDWORD=DWORD

- 4 OBTAIN NORMALIZED FRACTIONS AND LOAD INTO BUFFER

00 20 I=1,N

, DWORD=PSMNORCMATRIXCY),EDWORD)

- -~ BUFFER(2+I)=FWORD(2)

N BUFFER(2+I+1)=FWORD(1)

! CONTINUE

. - RETURN

END

LA,

s
}

g
»
.n....l P

'

o’
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[a N Nalal
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SUSROUTINE LOOKATCAT,FM,UP,MAT,VEC) ﬁf}?

ROUTINE TC GENERATE LOCK AT, LOOK FROM,
LOOK UP REQUEST TO THE PS300 AN

RSN
rﬂ}‘
¢_~.‘ g

THIS ROUTINE UPDATES A PS300 DISPLAY LOOK NODE -
WITH THE NECESSARY LOCK MATRIX RN

[a N e NaNaNalNalel
(]

ARG |

" C .
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IO NAADIIOIOIONANOAOOIOION

RPN
DO

At
R RN AN,

WHERE:

REAL AT(3),FM(3),UP(3),MAT(3,3),T(3),VEC(3)
REAL D(3),E(3),M,F(3),G(3),H(3I,MAG

DC1)=AT(I)-FM(Y)
D(R)=AT(2)-FM(2)
D(3)=AT(3)-FN(3)

MAGED (1) #w24D(2)*x24D(3) %n?2
IF (MAG .GT. .1E~-30) THEN

ENDIF

D(1)=DC(1)/MAG
" D(2)=D(2)/MAG
D(3)=D(3)/MAG

EC1)=uP(1)~-AT(1)
E(2)=UP(2)~AT(2)
EC(3)=UuP(3)=AT(3)

M=D(1)«E(II+D(2I*E(2I+D(I)+E(S)
FC1) =E(1)~MaD (1)

F(2)=E(2) =MD (2)
F(3)=E(3)~M2D(3)

CALLING SEQUENCE:

CALL LOOKATCAT,FMLUP,MAT,VEC)

INDEX IS THE INTEGER#%2 NODE SUFFIX (1<=INDEXC=256)
WHICH CORRESPONDS TO ONE OF THE OISPLAY STRUCTURE
NODES NOO1 THROUGH N256.

AT, FMs UP : ARE TME VIEWING VECTORS

MAT 2 IS THE RESULTING 3X3 VIEWING MATRIX

BUFFER IS THE INTESGER®2 ARRAY, OF LENGTH 2N+1,

INTO WHICH THE RESULT IS PLACED, WITH THE EXPONENT
WORD FIRST, FCLLOWED BY THE ARRAY OF 32-BIT MANTISSAS.
VEC IS A 3 ELEMENT ARRAY CONTAINING RCW 4

COMPUTES 4X4 MATRIX FOR LOOK FUNCTION

MAG=SQRT(MAG)
ELSE
MAG=.1E-30

1F CCFCI)*F(2)+F(3)) .E@. 0.0) THEN

£(1)=0.0

E{2)=1.0

E(3)=0.0

FC1)=E(1)-MaD (1)

FC2)=ECc)~MaD(2)

F(3)=E(3)=M+D(3)

IF CCFC1)+F(2)4F(3)) .EQ. 0.0) THEN
€¢1)=0.0
€(2)=20.0
£(3)=1.0
FC1)=g(1)~reaD(1)
F(2)=£(2)~™aD(2) o
F(3)ZE(3)~PeD(3) e

ENDIF
D T et T T N T T Y e
'\}.:;fa.' R R A A U I
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ENDIF
-~ c
0 MAGESQRT(FC(1)#024F(2)0024F(3)ne2)

- 6(1)=F (1) /NAG
6(2)=F(2) /NAG
G(3)=F(3)/RAG

H(1)=6(2) 2D (3)=G(3)*D(2)
H(2)=6(3)+0(1)-G(1)*D(3)
RS HC3)=6C1)wD(2)-6C2)*D(1)

TC1)==FR(I) «HCII=FM(2) *HC2)=FM(3) #H(3)
- T(2)==FMHC(1) *6C1)~FM(2)*GC(2)-FM(3)*G(3)
) T(I)==FMC1)2D{1)=FP(2)«D(2)~-FM(3)2D(3)

ST 117
(2]

- MAT(1,1)=4(1)
MATC1,2)=H(2)
RAT(1,3)=u(3)
VEC(1)=T(1)

R
Y

MAT(2,1)=6(1)
- MAT(2,2)=6(2)

MAT(2,3)=6(3)

VEC(2)=T7(2)

* e
.
‘l .'A -

MAT(3,1)=D(1)
MAT(3,2)3D(2)

e MAT(3,3)=0(3)
iii VEC(3)=T(3)

RETURN
END

O
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SUBROUTINE P920CV(MAT,VEC,SUFFER)

Al D
)

THIS SUBROUTINE FILLS IN A & X & ARRAY INTO THE BUFFER.
YOU LOAD A 3 X 4 MAT, AND AN ARRAY VEC(3) IS THE FOURTH ROw.
IT FILLS 34 ELEMENTS IN THE SUFFER,

(g N al e il g

INTEGER®2 ITEMPI(9), ITEMP2(25), BUFFER(34)
REAL MAT(3,4), VEC(4),MAT1(4,3)
- b0 100 I=1,3
D0 99 J=1,4
MAT1CJ 1) =MAT(L,J)
99  CONTINUE
100 CONTINUE
CALL P919CVCVEC, 4, ITEMPT)
K - CALL PO19CV(MATI,12,ITENP2)
X BUFFERCYI) = TITEMPI(1)
D0 S I = 1,25

L7 v e

»)

Y
i

R BUFFER(I®1) = ITEMP2(I)
ey S  CONTINUE

“ 00 10 J = 1,8

g BUFFER(J*26) = ITEMPI(J+1)

10 CONTINUE R
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- SUBROUTINE NUMBER(X,BUFFER)

RETURN
- END

THIS SUBROUTINE WILL TAKE ANY NUMBER FROM 9999.9 70 =-999.9,
ENCODE IY, AND PUT IT IN THE PROPER PLACE IN THE OUTPUT
BUFFER, IBUF

)
oconn

- INTEGER#2 BUFFER(3I), TBUF(3)
CHARACTER*S6 CHAR
LOGICAL »1 TEMPO,TEMP1(6)

- EQUIVALENCE (CHAR,TEMP1,TBUF)

IF(X.5T.9999.9) X=9999,9
- IF(XelLTa=999.9) X=-999,9
ENCODE(6,201,CHARI X
201 FORMAT(F6.1)

TEMPO=TEMP1(1)
TEMPI1(1)=TEMPT1(2)
-~ TEMPI(2)=TEMPO
TEMPO=TEMPI(])
TEMPTI(3)=TEMP1(4)
- TEMPI(4)=TEMPQO
TEMPO=TEMP1(5)
TEMPI(S)=TENPI(6)
- TEMPI(S)=TEMPD
BUFFERCT)=T3UF(T)
BUFFER(2)=TBUF (2)

-~ BUFFER(3)=TBUF(3)
RETURN
END

-~ <

PP AL S

N ad ok ey
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<€<< LPAIO >>>> LPA11-K 1/0 ROUTINES; J.M. LIND; 03 MAY 837 REV C
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SUBROUTINE LPAIO (MODE-,IUNIT,IFLAG,DRATE,ICHAN,NCHAN,NFRANE,TIOSUF,
1 ARATELISTAT,ICALL,LSTAT,ISHMODE)

(. ¢
; C REV A DESIGNED TO USE AST CALLS AT COMPLETION OF SWEEP (FILE NAME LPAIOA.
B C REV B MODIFIED TO USE EVENT FLAGS INSTEAD OF AST CALLS 03 FEB 83 (JML)
. - C REV C MODIFIED TO ADD 1/0 MODE CALLING PARAMETER “ISMODE"™ AND TO ALLOW
C FOR 2 CHANNEL DIGITAL 170 WITH THE ADDITION OF MODES 7.8,17, & 18,
N 4
; - C CALLING SEPCIFICATIONS:
Y * c
X ¢ MODE MODE OF CALL WITH:
: - ¢
c MODE = 1 INITIALIZE LPA11-K UNIT IUNIT
A (4 = 3 ANALOG INPUT
e _ ¢ = 4 ANALOG OUTPUT
o ¢ = 5 DIGITAL INPUT A
3 (4 = 6 DIGITAL OUTPUT A
_ (4 = 7 DIGITAL INPUT B
c = 8 DIGITAL OUTPUT B
o c =13 ANALOG INPUT STATUS
¢ - c 214 ANALOG OUTPUT STATUS
2 4 =15 DIGITAL INPUT STATUS A
2 4 =16 DIGITAL OUTPUT STATUS A
A c =47 DIGITAL INPUT STATUS B8 Ry
¢ =18 DIGITAL OUTPUT STATUS B i
: ¢
- - ¢ IUNIT  UNIT NUMBER OF THE DESTRED LPA11 SUBSYSTEM: .
- c ;
- 4 IUNIT = 0 USES LAAO: .
T - 4 = 1 USES LABO: :
¢ R
n 4 IFLAG  NUMBER OF THME EVENT FLAG WHICH IS YO BE SET A COMPL “
3 _ ¢ DRATE DESIRED SAMPLE RATE (DO NOT EXCEED 80 XHI) o
- ¢ ICHAN  START CHANNEL NUMBER
- ¢ NCHAN  NUMBER OF CHANNELS (MUST BE 1 FOR DIGITAL I/0)
- _ ¢ NFRAME NUMBER OF FRAMES (NCHAN PER FRAME)
2 ¢ IOBUF BUFFER FOR DATA (NFRAME » NCHAN 2 BYTE WORDS LONG)
¢
<. _ c RETURNED INFORMATION:
o ¢ ARATE  ACTUAL SAMPLE RATE USED (0 FOR ERROR)
- - ¢ ISTAT  THREE WORD ARRAY WITH:
ay [«
9l c ISTAT = 0 ERROR IN CALL
X _ ¢ = 1 SUCCCESFUL
3 ¢ = X VMS ERROR CODE
>

oY

.

MNP
.
2 e
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n~,~ w{ b 4 {,' e e Tl e T e -
Mﬂ.ﬁ. \A\Lm.\ﬂ,.\-h}-, et




Eliip.  Swiigw

¥ S

Ao AR

N %

E-56

LSTAT  INTEGER*1 (BYTE) VARIABLE USED WITH ISTAT TO DEFI(L

ISTAT  LSTAT  MEANING 33
TTTIT ST oot S

0 0 NORMAL - BUFFER O DONE

-1 1 SWEEP TERMINATED OK ,
-1 X X = LPA11 ERROR CODE (USER'S GD ©&

ICALL CALL NUMBER OF THIS PROGRAM (RELATES 1O
LPA11 170 FUNCTION WHICH WAS LAST USED BEFORE
RETURN TO THE CALLING PROGRAM)
IF ICALL = 0, THEN MODE IS UNDEFINED! .

ISMODE SPECIFY MODE OF LPA11 SWEEP

NOTES: FOR MODES S = 8 (DIGITAL 1/0), NCHAN MUST BE 1.
CHANNEL NUMBERING ALWAYS STARTS WITH 0.
IN MODE 1, THE SAMPLE RATE OF THE LPAT1 CLOCK -
IS SET, AND THE SAME RATE IS USED ON ALL LPA11 FUNCT!OIS-
DRATE MUST NOT EXCEED 80 KMZ. HOWEVER, THE LPA1Y USER®S -
MANUAL SPECIFIES MAXIMUM AGGREGRATE THROUGHPUT FOR HULT!RA__
ACTIVITIES AY 15 KHZ FOR ALL OPERATIONS COMBINED. (PARA Zﬁ?f

WARNINGS: WE SPECIFYING ISMOOE = 512 IN THE DIGITAL INPUY MODE.,
ONLY ONE CHANNEL OF DIGITAL I/O CAN BE USED AT A TIME.
OTHERNWISE, THE PROGRAM WILL HANG WAITING FOR THE INPUT
FLAG YO BE SEV BY THE LPA11. WHEN USING ONLY ONE
CHANNEL OF DIGITAL 170, THE ISMODE = 512 WILL WORK
PROPERLY. 1IFf ISMODE = O IS SPECIFIED FOR BOTH DIGIT.-.
INPUT CHANNELS, THEN TWO CHANNELS MAY BE USED AT THI_
SAME TIME.

WHEN USING A/D OR D/A MODE, YOU MUSTY SPECIFY AN ISMODE
OF 64 IN ORDER TO USE THE MULTIREQUEST MICROCODE WHICH
IS LOADED 8Y TWIS ROUTINE.

7. IN THE CASE OF DIGITAL OUTPUT, THE MODE OF THE LPAYIY IN
RUNNING THE DR11-K IS TO START OUTPUT IMMEDIATELY (THE MODE SPEICIFED
IN THE CALL SHOULD BE ISMODE = 0.)

2. IN THE CASE OF DIGITAL INPUT, THE ™MODE OF THE LPA11 IN
RUNNING TNE DR11-K IS YO START INPUT ON EXTERNAL TRIGGER (THE MODE
SPECIFIED IN THE CALL SHOULD BE ISMODE = 5712). THE “EXTERNAL”"
TRIGGER IS ACTUALLY THE DRT1-K "EXTERNAL DATA READY™ LINE FOR THE
EXTERNAL DEVICE. (SEE DR11-X TIMING DIAGRAM ON PAGE 4-7 JF THE
DR11-K INTERFACE USER'S GUTNE AND MAINTENANCE MANUAL.)

IN THIS MODE, INTERRU.'T WILL OCCURR ONLY AFTER THE EXTERNAL DEVICE
CYCLES THE "EXTERNAL DATA READY"™ LINE.

3. NOTE THAY THE CONFIGURATION OF THE DR11~-K JUMPERS IS VERY
INPORTANT TO PRCPER OPERATION OF THE DRT11-K., IN PARTICULAR, ALL
ST AND $2 SWITCHES SHOULD BE OJFF TO DISAPRLE INTERRUPT BY TRANSITION
OF THNE DATA BITS (SEE TABLE 5-3). IN ADDITION, JUMPERS W5 - w20
MUST BE IN POSITION ™"B" IN ORDER TO READ DATA DIRECT FROM TNE DATA
INPUT LINES (AS OPPOSED TO THE BUFFER REGISTER INPUT). THIS IS V:.<
DUE TO THE FACT THAT IN "BUFFER REGISVER™ MODE, THE INDIVIDUAL PO
DATA BITS IN THE BUFFER ARE SEY ONLY ON TRANSITION OF THE DATA LINE
(SEE PARAGRAPH 4=6 OF DRIT-K INTERFACE USER'S GUIDE). SINCE

...........................
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ALL SWITCHES ON ST AND S2 ARE OFF, THE STATE OF JUMPERS W1-Wé IS A
OON®T CARE. JUMPERS W21-W23 SHOULD BE SET FOR APPROPRIATE POLARITY
OF THE INTERNAL DATA ACCEPT AND INTERNAL DATA READY LINES.

4. REMBER THAY ON DIGITAL OUTPUT, THIS PROGRAM SPECIFIES AT
LEAST A 150 MICROSECOND DELAY BEFORE OUTPUT OF THE FIRSY DIGITAL WORD
CSEE PAGE 2-14 OF THE LPA11 USER®’S GUIDE). THIS IS NECESSARY
IN ORDER TO ALLOW TIME FOR THE LPA11 TO RETRIEVE DAVA FROM
MERORY.
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PARAMETER USAGE
MODE IUNIT IFLAG

1 X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X

13

14

15

16

17

18
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DRATE ICHAN NCHAN NFRAME I0BUF

X

M X M M W
K X X X x X
X X X X M
. B & B 8 &

aaxdns PROGRAM DECLARATIONS #aaes

VARIABLE DEFINITION SECTION

108UF DATA BUFFER AREA (INTEGER%2)

XYBUF LPA11 CONTROL BLOCK (50 LONGWORDS)

XYSTAT LPA11 COMPLETION STATUS (FORM LPASIGTBUF CALL)
IFLAG LPA1T FLAG TO BE SET AT COMPLETION OF SWEEP
XYI0S8 I/0 STATUS B8LOCK FOR LPA11 (4 WORDS)

DXIO0SZ I/0 STATUS B8LOCK FOR DIGITAL 1/0 TO BUFFER I (CH A OR B)
XYMSKB LPA11 SUBSYSTEM MASKS AND NUM BUFFER :
ISTAT LPATT STATUS LONGWORD

LSTAT LPAT1 I/70 COMPLETION STATUS BYTE

NBUF NUMBER

MHERE "XY® 1S AD FOR
DA FOR
DI FOR
D0 FOR

OF BUFFERS TO 8E FILLED (LONGWORD)

ANALOG=TO-DIGITAL
DIGITAL-TO-ANALOG
DIGITAL INPUT
DIGITAL OUTPUT

VARIABLE TYPE SPECIFICATIONS

REAL
INTEGER«4

INTEGER®?2
INTEGER#2
INTEGER*4
INTEGER®4
INTEGER®4
8YTE

INTEGER®2

SET AREA FOR CONTRCL
INTEGER®4
INTEGER®4
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

~‘.'

LPASXRATE
SYSSCLREF

I0BUF(1),ADIOSB(4),DAL0SB(4)
DIIOSACL),DOIOSACL),DIT0SB(4),DO0TIO0SB(A)
ADMSKB(2),DAMSKB(2)
DIMSKA(2),DOMSKAC2),DIMSKB(2),DOMSKB(2)
ISTAT,BUFNUM/NBUF,IFLAG

10SC,IEMC,LSTAT

I0SW, IEMY

ADBUF(S50),DABUF(5D)
DIBUFA(50),00BUFA(S50),0IBUFB(50),008UFB(50)
(ADIOSB(1),ADBUFC(T1)),(DALIOSB 1), DABUF(1))

(DIIOSACT),DIBUFACT)),(DOIOSACT)»DOBUFACT)
(DI10SB(1),DIBUFB(1)),(DOI0SBC1),DOBUFBCT) "
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C taaee START OF PROGRAN wnande

‘ C DETERNINE NODE
¢
n ¢ LSTAT = 0

60 T0 (100,50,300,400,500,600,700,800,50,50,50,50,
1 1300,1400,1500,15600,1700-,1800),M0DE
C EXECUTION STARTS WERE IF MODE IS UNDEFINED

- 50 ICALL = O
ISTAT = 0
- ] GO Y0 1950
¢
- C atean RODE = 1 esaee
- € LOAD LPAT1 SPECIFIED BY IUNIT WITH NICROCODE FOR MULTIREQUEST MODE
¢
~ 100 CONTINVE
ICALL = 101
CALL LPASLOADNC ¢1,IUNIT,ISTAT,IERROR)
- IF C.NOT. ISTAT) GO TO 1950
¢
C USE XRATE ROUTINE TO CALCULATE RATE AND PRESET VALUES FOR CLOCK A
c
- C RATES ARE SUPPLIED/RETURNED BUT LPASXRATE REQUIRES INTERVALS
AINTRVL = 1./DRATE
- ICALL = 102
ACTUAL = LPASXRATE CAINTRVL,IRATE,IPRSET,0)
ARATE = 1./ACTUAL
L c
ﬁﬁi C SET CLOCK RATE TO SPECIFIEC SAMPLE RATE (DO NOT EXCEED ABOUT 80 KHZ)
c
~ ICALL = 103
CALL LPASCLOCKA (IRATE,IPRSET,ISTAT,IUNIT)
60 T0 1950
.
—_~~

~
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C aevtan MODE = 3 adaen
C START ANALOG-TO-DIGITAL INPUT SWEEP

c ".'.“:
- 300 CONTINUE B
C [ Yg
€ CLEAR A/D EVENY FLAG
- ICALL = 300 C

ISTAT = SYSSCLREF (XVAL(IFLAG))
IF (.NOT. ISTAT) GO TO 1950

(IR
PR

INITIALIZE AOBUF ARRAY FOR SWEEP

;l
j AN

(a Mo Ng)

ICALL = 301
CALL LPASSETIBF (ADBUF,ISTAT,ADMSKB,I0BUF)
IF (.NOT. ISTAT) GO YO 1950

SET UP FOR LPA11 SUBSYSTEM NUMBER

[ XalNp)

ICALL = 302
CALL LPASLANSKS (ADMSKB,IUNIT)

RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

[aNaXyl

ICALL = 303
CALL LPASRLSBUF (ADBUF,ISTAT,O0)
IF (.NOY. ISTAT) 60 YO 1950

STARY A/D SWEEP BY SPECIFYING ONLY ONE BUFFER

[a Nl o]

NPOINT = NFRAME ¢ NCHAN R
SPECIFY ONLY ONE BUFFER TO 8E FILLED ‘o :
NBUF = 1 SARan
IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THE CALLING PARAMETER
PROCEED WITH SWEEP START CALL "
SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION
: ICALL = 304
CALL LPASADSWP C(ADBUF,NPOINT,NBUF,ISMODE,,XVALCIFLAG),, ICHAN,
1 NCHAN,ISTAT)
IF (.NOT. ISTAT) GO TO 1950

"

g N aNa) (o]

€ RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF A/D SWEEP CALL SR
60 Ta 1950 AR

PR , .
. ': ‘e ‘e " P
PR
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sate® NODE = & wente
START DIGITAL-TO-ANALOG OUTPUT SWEEP

400 CONTINUE

CLEAR D/A EVENT FLAG
ICALL = 400
ISTAT = SYSSCLREF (XVALCIFLAG))
IfF (.NOT. ISTAT) 60 YO 1950

INITIALIZE DABUF ARRAY FOR SWEEP

ICALL = 401
CALL LPASSETIBF (DABUF,ISTAT,DANSKB,IO0BUF)
IF (.NOT. ISTAT) 60 TO 1950

SET UP FOR LPA11 SUBSYSTEM NUMBER

ICALL = 402
CALL LPASLANSKS (DAMSKB,IUNIT)

RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

ICALL = 403
CALL LPASRLSBUF (DABUF,ISTAT,0)
IF (.NOT. ISTAT) 60 TO 1950

CALCULATE NUMBER OF DATA POINTS
NPOINT = NFRAME * NCHAN
SPECIFY ONLY ONE BUFFER TO BE FILLED
NBUF = 1
IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THE CALLING PARAMETERS
IN D/A MODE, A DELAY OF A LEAST 150 MICROSECONDS MUST BE SPECIFIED BEFOR!
THE FIRST CONVERSION TAKES PLACE. SINCE THE LPASXRATE CALL RETURNS THE |\
OF IRATE (SPECIFYING A CLOCK RATE), LDELAY (THE DELAY IN IRATE
UNITS BEFORE FIRST SAMPLE) IS SET. (PARA 2.4.1 OF LPA11 USER®S GUIDE)
IRATE = 1 FOR 1 MNZ; IRATE = 2 FOR 100 KHZ; IRATE = 3 FOR 1C0KMI; EVC.
LDELAY = 1
IF (IRATE.EQ.1) LDELAY = 150
IF (IRATE.EQ.2) LDELAY = 15
IF CIRATE.EQ.3) LOELAY = 2
SPECIFY SAMPLE ON EVERY CLOCK OVERFLOW
IOMELL = 1
PROCEED WITH SWEEP START CALL
SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION
ICALL = 404
CALL LPASDASWP (DABUF,NPOINT,NBUF,ISMODE,IDWELL,XVALCIFLAG),
1 LOELAY,ICHANSNCHAN,ISTAT)
IF (.NOT. ISTAT) GO0 TO 1950

RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF D/A SWEEP CALL
60 T0 1950

............................
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C 2anan MODE = 5 aunns
C STARTY DIGITAL INPUT SWEEP FOR "CHANNEL A"
o
S00 CONTINUE
C
C CLEAR DIGITAL INPUT EVENT FLAG
ICALL = 500
ISTAT = SYSSCLREF (XVAL(IFLAG))
IF (.NOT. ISTAT) GO TO 1950

C CHECK THAT NCHAN IS EQUAL TO OKE
ISTAY = 0
ICALL = 501
IfF (NCHAN.NE.1) GO TO 1950
ISTAT = 1

INITIALIZE DIBUFA ARRAY FOR SWEEP

[ NaNgl

ICALL = 502
CALL LPASSETIBF (DIBUFA,ISTAT,DIMSKA,IOBUF)
IF (.NOT. ISTAT) GO TO 1950

SET UP FOR LPA11 SUBSYSTEM NUMBER

[aNaNaNal

SPECIFY STARY WORO CHANNEL OF CHANNEL ZERO (I/0 GUIDE PAGE 5-22)
I05¢ = O
SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL O
1emMc = 0
C SPECIFY DIGITAL START WORD MASK OF ALL BITS
IoSW = -1
C SPCEIFY EVENT MARK WORD MASK OF ALL BITS
IEMW = -1
ICALL = 503
CALL LPASLAMSKS (DIMSKA,IUNIT,,IDSC,IEMC,IDSW,IEMN,)

)
o

RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

(aNaNal

ICALL = 504
CALL LPASRLSBUF (DIBUFA,ISTAT,0)
IF (.NOT. ISTAT) GO TO 1950

STARY DIGITAL INPUT SWEEP BY SPECIFYING ONLY ONE BUFFER

FOR THIS MODE, THE NUMBER OF POINTS MUST EQUAL NUMBER OF FRAMES ]
NPOINT = NFRAME ol
SPECIFY ONLY ONE BUFFER TC BE FILLED SRS
NBUF = 1 R
IN REV € OF TNIS ROUTINE, ISMODE IS SPECTFIED IN THE CALLING PARAMETER ]
PROCEED WITH SWEEP START CALL
SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION
ICALL = 505
CALL LPASDISWP (DIBUFA,NPOINT,NSUF,ISMODE, ,XVALCIFLAG) ./
1 ICHAN,NCHAN, ISTAT)
If C.NOT. ISTAT) GO TO 1950

X aNalal

(2]

o Nalal

aNaNal

RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIGITAL INPUT Sﬁf:
GO TO 1950

........................................................




C *anas NODE = 6 hdnean
C START DIGITAL OUTPUT SWEEP FOR “CMNANNEL A"

(o N aXNa)

(o N o N o) o (2] - NSO

PRI OOO [ [ N a )

2

»

E &

A ]

C PROCEED WITH SWEEP START CALL

E-63

600  CONTINUE ey

| 1
LE 20" ol
C CLEAR DIGITAL OUTPUT EVENT FLAG ﬁxf:
ICALL = 600 AR
ISTAT = SYSSCLREF (XVALCIFLAG)) ot
If (.NOT. ISTAT) GO TO 1950 o

'&b-ﬁ

CHECK THAT NCHAN IS EQUAL TO ONE Laoad
ISTAT = 0 e

ICALL = 601 S

IF CNCHAN.NE.1) GO TO 1950 5\

ISTAT = 1

INITIALIZE DOBUFA ARRAY FOR SMEEP

ICALL = 602
CALL LPASSETIBF (DOBUFA,ISTAT,DOMSKA,10BUF)
IF (.NOT. ISTAT) GO TO 1950

SET UP FOR LPAT1 SUBSYSTEM NUMBER

SPECIFY START WORD CHANNEL OF CHANNEL ZERO (I/O0 GUIDE PAGE 5-22)
IDSC = 0
SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL O
IERC = O
SPECIFY DIGITAL START WORD MASK OF ALL BITS
osSw = ~1
SPCEIFY EVENT MARK WORD MASK OF ALL BITS
IEMW = =1
ICALL = 603
CALL LPASLAMSKS (DOMSKA,IUNIT,,IDSC,IEMC,IDSW,IEMU,)

RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)

ICALL = 604
CALL LPASRLSBUF (DOBUFA,ISTAT,D)
IF (.NOT. ISTAT) GO TO 1950

FOR THIS MODE, THE NUMBER OF POINTS MUSY EQUAL NUMBER OF FRAMES
NPOINT = NFRAME
SPECIFY ONLY ONE BUFFER TO BE FILLED
NBUF = 1
IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THE CALLING PARAMETERS

IN DO MODE, A DELAY OF A LEAST 150 MICROSECONDS MUST BE SPECIFIED BEFORE
THE FIRSY CONVERSION TAKES PLACE. SINCE THE LPASXRATE CALL RETURNS THE
OF IRATE (SPECIFVING A CLOCK RATE), LDELAY (THE DELAY IN IRATE
UNITS BEFORE FIRST SAMPLE) IS SET. (PARA 2.4.1 OF LPA11 USER®S GUIDE)
IRATE = 1 FOR f MHIZ IRATE = 2 FOR 100 KHZ; IRATE = 3 FOR 10KHZ; ETC.
LDELAY = 1
IF (IRATE.EQ.T) LDELAY = 150
If C(IRATE.EQ.2) LDELAY = 15
IF (IRATE.EQ.3) LDELAY = 2
SPECIFY SAMPLE ON EVERY CLOCK OVERFLOW
IDWELL = 1




C SWEEP CALL SPECIFIES FLAG BE SET AT COMPLETION
ICALL = 605
CALL LPASDOSWP (DOBUFA,NPOINT,NBUF, ISMODE,IDWELLAXVALCIFLAG ..,
1 LDELAY,ICHANSNCHAN,ISTAT) et

-— -

IF (<NOT. ISTAT) GO TO 1950
c
C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIGITAL OUTPUT SWEEP G:TJ

GO T0 1950
-
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4
C aanae NODE = 7 anets :&;
C START DIGITAL INPUT SWEEP FOR "CHANNEL B e
¢ i
700 CONTINUE S
(4 adln.
C CLEAR DIGITAL INPUT EVENT FLAG &3;
ICALL = 700 o
ISTAT = SYSSCLREF (XVALCIFLAG)) Ja
IF (.NOT. ISTAT) GO TO 1950 e
c -i-\.ﬁ
€ CHECX THMAT NCHAN IS EQUAL TO ONE el
ISTAT = 0 | .
ICALL = 701 e
IF (NCHAN.NE.1) GO TC 1950 oS
ISTAY = 1 S
c s
€ INITIALIZE DIBUFB ARRAY FOR SWEEP Pt
¢ -
ICALL = 702
CALL LPASSETIBF (DIBUFS,ISTAT,OIMSKB,I0BUF)
IF (.NOT. ISTAT) GO TO 1950
¢
C SET UP FOR LPA11 SUBSYSTEM NUMBER
¢
C SPECIFY START WORD CHANNEL OF CHANNEL ZERO (I/0 GUIDE PAGE 5-22)
I0SC = 0
C SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL O
IENC = O
C SPECIFY DIGITAL START WORD MASK OF ALL PITS
LoSH = -1
C SPCEIFY EVENT MARK WORD MASK OF ALL BITS
1EMM = =1
ICALL = 703
CALL LPASLAMSKS (DIMSKB,IUNIT,,IDSC,IEMC,IDSW,IEMW,)
c
C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)
¢
ICALL = 704
CALL LPASRLSBUF (DIBUFS,1STAT,0)
IF (.NOT. ISTAT) GO TO 1950 e
¢ L
C START DIGITAL INPUT SWEEP BY SPECIFYING ONLY ONE BUFFER o

¢ —
€ FOR THIS MODE, THE NUMBER OF POINTS MUSY EQUAL NUMBER OF FRAMES e
NPOINT = NFRAME
C SPECIFY ONLY ONE BUFFER TO BE FILLED
NBUF = 1
C IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THRE CALLING PARAMETERS a
C PROCEED WITH SWEEP START CALL b
C SWEEP CALL SPECIFIES FLAG BE SEY AT COMPLETION
ICALL = 705
CALL LPASDISWP (DIBUFB/NPOINT,NBUF,ISMODE,,XVALCIFLAG),»
1 ICHANSNCHAN,ISTAT)
IF («NOT. ISTAT) GO TO 1950

) e (4
RO <
- € RETURN TO CALLING PROGRAM ... ISTAY IS STATUS OF DIGITAL INPUT SWEEP CALIQ:&-

60 TO 1950 ey
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C *nane MODE = 8 wnwew OSSN
—- C START DIGITAL OUTPUY SWEEP FOR "CHANNEL B* D At
c N P.A .
800 CONTINUE ik
s C .'.-. ;.‘.
C CLEAR DIGITAL OUTPUT EVENT FLAG Oy
ICALL = 800 WS
_ ISTAT = SYSSCLREF (XVALCIFLAG)) ol
If C.NOT. ISTAT) GO TO 1950 o0
[ N
- € CHECK THAT NCHAN IS EQUAL TO ONE
ISTAT = 0O
ICALL = 801
- IF (NCHAN.NE.1) GO TO 1950
ISTAT = 1
¢
- C INITIALIZE DOBUFE ARRAY FOR SWEEP
¢

ICALL = 802
CALL LPASSETIBF (DOBUFB,ISTAT,DOMSKB,IOBUF)
IF (.NOT. ISTAT) GO TO 1950

c
- C SET UP FOR LPA11 SUBSYSTEM NUMBER
c
C SPECIFY START WORD CHANNEL OF CHANNEL ZERO (I/0 GUIDE PAGE $=22)
- IDSC = 0
C SPECIFY EVENT MARK WORD CHANNEL OF CHANNEL O
IEMC = O e
- C SPECIFY DIGITAL START WORD MASK OF ALL BITS </
IDSW = =1
C SPCEIFY EVENT MARK WORD MASK OF ALL BITS
~ 1IEMN = -1
ICALL = 803
CALL LPASLAMSKS (DOMSKB,IUNIT,,IDSC,IEMC,IDSW,IEMN,)
o
- C RELEASE THE BUFFER (BUFFER NUMBERS ARE USED RATHER THAN NAMES)
c
- ICALL = 804
CALL LPASRLSBUF (DOBUFB,ISTAT,O0) RN
IF (.NOT. ISTAT) GO 70 1950 S,
c S
C FOR THIS MODE, THE NUMBER OF POINTS MUST EQUAL NUMBER OF FRAMES —
NPOINY = NFRAME el
_ C SPECIFY ONLY ONE BUFFER TO BE FILLED
NBUF = 1 o
C IN REV C OF THIS ROUTINE, ISMODE IS SPECIFIED IN THE CALLING PARAMETER .
- C R
C IN DO MODE, A DELAY OF A LEAST 150 MICROSECONDS MUST BE SPECIFIED BEFO~——
C THE FIRST CONVERSION TAKES PLACE. SINCE THE LPASXRATE CALL RETURNS -TH. .
_ C OF IRATE (SPECIFYING A CLOCK RATE), LDELAY C(THE DELAY IN IRATE n“‘
C UNITS DEFORE FIRST SAMPLE) IS SET. (PARA 2.4.1 OF LPAY1 USER®S GUIDE);;:
€ IRATE = 1 FOR 1 MHI; IRATE = 2 FOR 100 KHZ; IRATE = 3 FOR 10KNHI’ erc.;ﬁif
- LDELAY = 1 K58
IfF CIRATE.EQ.1) LDELAY = 150 ) ——
IF (IRATE.£Q.2) LDELAY = 15 ol
IF (IRATE.EQ.3) LDELAY = 2 R

€ SPECIFY SAMPLE ON EVERY CLOCK OVERFLOW
I0WELL = 1

.....
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C PROCEED WITH SWEEP START CALL
C SWEEP CALL SPECIFIES FLAG BE SEV AT COMPLETION
ICALL = 805
CALL LPASDOSHP (DOBUFB/NPOINT,NBUF,ISMODE,IDWELL,XVALCIFLAG),
¥ LOELAY,ICHANSNCHAN,ISTAT)
IF (.NOT. ISTAT) GO YO 1950
1 7
C RETURN TO CALLING PROGRAM ... ISTAT IS STATUS OF DIGITAL OUTPUYT SWEEP CAL
60 70 1950




C anxees MODE = 13 wntnen
€ GET STATUS OF A/D SWEEP

4
~ 1300 CONTINUE
c
ICALL = 1301
. ISTAT = LPASIWTBUF CADBUF)
LSTAT = IANDC(ADIOSB(3),*FFO00°X)/256
60 TO 1950
= ¢
¢
C nannt MODE = 146 manan
. C GET STATUS OF D/A SWEEP
C
1400 CONTINUE
. ¢
ICALL = 1401
ISTAT = LPASIWTBUF (DABUF)
_ LSTAT = IAND(DAIOSB(3),*FFO0"X)/256
60 TO 1950
¢
~ c
C exanw MODE = 15 watan
€ GET STATUS OF DIGITAL INPUT SWEEP FOR "CHANNEL A"
— c
1500 CONTINUE
¢
_ ICALL = 1501
ISTAT = LPASIWTBUF(DIBUFA)
LSTAT = IANDCDIIOSA(3),*FFO0°X) 7256
. G0 TO 1950
¢
¢
— C wnnn® MODE = 16 tnxnax
€ GET STATUS OF DIGITAL OUTPUT SWEEP FOR "CHANNEL A"
¢
_ 1600 CONTINUE
¢
ICALL = 1601
- ISTAT = LPASIWTBUF(DOBUFA)
LSTAT = IANDC(DOIOSA(3),*FFO0°X) /256
GO TO0 1950
. _ ¢
i c
fat C ®awxt MODE = 17 nkatxn _
;ﬁ _ € GET STATUS OF DIGITAL INPUT SWEEP FOR “CHANNEL 8" :
|":: 4 .
e 1700 CONTINUE RN
c by
o - ICALL = 1701 1
o ISTAT = LPASIWTBUF(DIBUFB) Lo
N - LSTAT = IAND(DIIOS3(3),*FFO0*X)/256 e
oy GO YO 1950 L
v c RO
K . c Sy
o C *oand MODE = 18§ 2henxn i
" C GET STATUS OF DIGITAL CUTPUT SWEEP FOR “CHANNEL 8" NS
e , 4 T
- 1800  CONTINUE e
' s
- T
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ICALL = 1801

ISTAT = LPASIWTBUF(DOBUFB)

LSTAT = IAND(DOIOSB(3),*FFO0*X) /256
60 70 1950

sasse ERROR SERVICE ROUTINE senes

(o N a N Na X, )

1950 CONTINVE
C TRANSFER STATUS INFORNATION ON CALLING PARAMETER
c
RETURN
<
END
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82

SUBROUTINE LVLHCC,CO,Q/REF,DBX,DBY,DBZ,WB,JET,DELTAT, MAXWX,
* MAXWY,MAXWZ,PICK,T)

ATTEMPTS TO HOLD BODY AXES IN ALIGNMENT WITH LVLH AXES

INTYEGER C€C(12),C0C12),SNAP,I,J,PICK

REAL QCA),REFCL) YAW,PITCH,ROLL,DBX,DBY,DBZ
REAL WB(3),JET( 4 12),DELYAT, MAXWX, MAXWY, MAXWZ
REAL ANG(3),T(3,3),P1,SUT,MT

REAL FQC4),FUB(3),FT(3,3),QT(3,3),REFT(3,3)
REAL CONST,QQ(4)

PI22.0%AC08(0.0)

WAS RMC JUST MOVED TO NEUTRAL ? IF SO, TAKE SNAPSNOT.
REF(4) - QUATERNION AT TIME OF SNAPSHOT.
SNAP - FLAG TO TAKE SNAPSHOT OF QUATERNION.

SNAP=0
b0 150 1=7,12

IF (CCOCI)-C(X)) .GT. 0) SNAP=1
CONTINUE

IF (SNAP .EQ. 1) THEN
REF(1)=Q(1)
REF(2)=Q(2)
REF(3)=Q(3)
REF(4)=0(4)

ENDIF

COMPUTE FUTURE QUATERNION (NEXT ITERATION)
FWB - FUTURE BODY RATE
FQ - FUTURE QUATERNION

ANG(1)=0.0
ANG(2)=0.0
ANG(3)=0.0

fFal1)=a(1)
Fa(2)=0(2)
Fa(3)=Q(3)
FQ(4)=Q(4)

FW3(1)=wi(y)
FWB(2)=Ws(2)
FUB(3)=uWB(3)
CALL ROTATEC(ANG,DELYAT,FUB,FQ,FT)
COMPUTE TRANSFORMATION FROM REF FRAME TO C-W FRANME
CALL TRNSFM(REFT,REF)

COMPUTE TRANSFORMATION FROM FQ FRAME TO REF FRANE

p0 81 1=1,3
00 82 J=1,3
QTCI,J)ZREFTCI/II*FT(1,J)#REFT(2,1)eFT(2,J)¢
* REFT(3,IX)*FT(3,J)
CONTINUE
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1 CONTINUE

conne
oy
a, .
?hz
.' ‘ 1]
W A

COMPUTE QUATERNIONS (FROR FQ TO REF)

R
2 n‘\‘n'

0QC¢4)=1,04QT(1,1)4QT7(2,2)4Q7(3,3)
IF (QQ(4) .LT. 1E-30) QQ(4)=.1E~30
Q0 (4)=SORT(QQ(4))/2.0
2a(1)=(a7(3,2)-0T7(2,3))704.0%20(4))
€a(2)=Car(1,3)-aT(3,12)/7(4.0*Q0(4))
A0(3)=(aATC2,1)-0T(1,2))7(4.022Q(4))

¢ NORMALIZE QUATERNIONS

CONST=SQRT(QQ(1)*2Q(1)+QQ(2)*QQ(2) ¢+
* QA(3) +QQ(3)+aQ(4)*0Q(4))
QQ(1)=QQ(1) /CONSY

Qe(2)=QQ(2) /CONST

QQ(3)=QQ(3) /CONST

0Q(4)=QQ(4) /CONST

COMPUTE ANGLE OF ROTATION BETYWEEN FRAMES

man

NT=2.0«AC0S(QQ(4))
SUT=SINC(UT/2.0)

(o N X2l

COMPUTE ANGULAR DIFFERENCE (OF FQ W.R.T. REF)
£ IfF (MY JLT. .0000001) THEN

(5= ROLL=0.0
PITCH=0.0
YAW=0.0
ELSE
ROLL=QQ (1) #WT/SHT
_ PITCH=QQ(2) *WT/SWT
YAN=QQ(3) eWT/SWT
ENDIF

DETERMINE THRUST PROFILE BY CHECKING ROLL, PITCH
AND YAW ANGLES/RATES AGAINST ATTITUDE HOLD CRITERIA.

(o Na R o N, )

- CALL CHECKCROLL,DBX,WB(1),C(7),C(B),JET(PICK,T),
* JET(PICKX,8),MAXWX,DELTAT)

CALL CHECK(PITCH,DBY,WB(2),C(9),CCI10),JET(PICK,9),
* JET(PICK,10),MAXWY,DELTAT)

CALL CMECK(YAW,DBZ,WB(3),C(11),CC12),JET(PICK,T11),
* JET(PICK,12)/RAXNZ,DELTAT)

—~

¢ ¢
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SUBROUTINE MODE(SA,SB,SC,LA,LB,LC)

¢
¢ TAKES ONE COLUNN OF DAP PANEL MANUAL MODE AND S
- c FIGURES OUT WHAT LIGHTS TO TURN ON/OFF (LA,LB,LC) o
| ¢ USING SWITCH COMMANDS (SA,$8,5C)
¢ :
- INTEGER SA,SB,SC,LA,LB,LC 0
‘ 4 "
| IF CSA .EQ. 1) THEN .
- LA=1
L8=0 %
LC=0 . .
~ ENDIF S
. IF (SB .EQ. 1) THEN S
| LA=0
; _ LB=1
LC=0
ENDIF —
| - IF (SC .EQ. 1) THEN b
\ LA=0 A
! L8=0
N - LC=1 o
\ ENDIF L
I :
. _ END oy
i AR
o -
: S
. - e
r -
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E-73
SUBROUTINE PREDPATHC(OMEGA,TIME,OLDX,X)

THIS SUBROUTINES PREDICTYS POSITION (X) RELATIVE TO
TARGET GIVEN PRESENT POSITION AND SPEED (OLDX) AND
FUTURE TIME (TINE)

REAL OMEGA,X(3),0LDX(S8), TIMELCW,SW

CW=COSC(OMEGA*TINME)
SWsSINCOMEGA*TINE)

XC1)=0LOX(1)~2.0*0LDX(5) /OMEGA

XC1I=XCT) =3, 00C(0LOXC4)+2.0%ONEGA*OLDXNC(2) ) «TIME
XCT1I3X(1)42.02(3.020L0XC2)¢2.040LDX(4)/OMEGA) *SU
XC1)=2X(1)+2.0«0LOX(5)*CW/OMEGA

X€2)=46.0¢0LDX(2)¢2.0*0LDX(4)/OMEGA
XC2)=X(2)~Cu*(3.00CLDOX(2)42.020LDX(4)/OMEGA)
X€2)=X(2)+0LDX(S) aSW/OMEGA

XC3)=0LDX(6)*SW/OMEGA+CLOX(3)»CW

SCALE DOWN FOR HUD DISPLAY
CONVERY YO LH SYSTEN

VOV M o

X¢1)=x(1)7100.
X(2)=x(2)7100.
X(3)==X(3)7100.

.............
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SUBROUTINE PS300CALTD,INCLIN)

THIS SUBROUTINE IS THE GRAPHICS PROGRAM FOR THE
SHUTTLE SIMULATOR. IT GENERATES A TARGET, ROTATING
EARTH, HORIZION AND STAR FIELD FOR BACKGROUND.
SUBROUTINE LOOK SENDS NEW DATA TO THIS PROGRAM IN
THE PS300 TO UPDATE TARGET RANGE AND ATTITUDE AND
EARTH/STAR ROTATIONS.

)
R N N N N W N

INCLUDE °CALFANOIPROCONSY.FOR/NOLIST®

o

LOGICAL*1 POSLIN(73)

REAL ALT,INCLINSAT(3),FM(3),UP(3),DSTAR
REAL HORR,HMORTY,HORD,LONG,ANG,ALTD
REAL*4 V(3)

INTEGER I,NVEC

DIMENSION VECS(4,73)

DATA POSLIN/.FALSE.,72%.,TRUE./

ATTACH GRAPHICS DEVICE AND INITIALIZE GRAPHICS

SOoOM

CALL PATTCH(*LOGDEVNAM=PIAO:/PHYDEVTYP=PARALLEL®,ERR)
CALL PINITCERR)

V(3) - VECTOR ARRAY FOR PS300

HORR = RADIUS OF EARTH HORIZON AS SEEN FROM TARGET (DU)
HORD = DISTANCE OF HORIION FROM EARTH CENTER (DU)

HORT - DISYANCE OF HORIZON FROM TARGET (DU)

DSTAR ~ DISTANCE OF STAR CLIPPING PLANE FROM TARGET (o)

COMPUTE EARTH HORIZON RADIUS (HORR).,
DISTANCE FROM EARTH CENTER (HORD).,
AND DISTANCE FROM TARGET TO HORIION (HORT)

[z N aNaNaNaNa N aWalalalel

ALT=ABS(ALTD/6378.135)
HORD=1,0/(¢1.0+ALT)
HORR=SQRT(1.0-HCRD*HORD)
HORT=HORR/HORD

UNITS VARY FROM METERS TO DUS DEPENDING ON WHAT IS
BEING DISPLAYED. THIS UNIT JUGGLING IS DONE TO
MINIMIZE SCALING ERRORS INHERENT IN THE P5300.

INITIALIZE VECTORS FOR PS300 VIEWING
V ~ DUMMY VECTOR
AT,FM,UP ~ VIEWING VECTORS

2 N aXaXaXa R NaNalal

v(1)=0.0
v(2)=0.0
v(3)=0.0
ATC(1)=0.0
AT(C2)=0.0
AT(3)=0.0
FM(1)=0.0
FM(2)=0.0
FM(3)=-20.0
uP(13=0.0
LP(2)=10.0

..........................................
---------------------
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ur(3)=0.0

XY

COMPUTE ATTITUDE DISPLAY DATA FOR MNUD

)

CALL PBEGS(*XYIVC',ERR)
UNITS ARE IN METERS
CALL PSEDCL(CLIP*,.FALSE.,*"*,ERR)
CALL PVIEWP(*"*,-1.0,1.0,-1.0,1.0,1.0,1.0,""*,ERR)
CALL PFOV(°*FOV*,35.0,1.0,3000.,°*"*,ERR)
CALL PLOOKAC®LOOK® ,AT,FM,UP,*"*,ERR)
CALL PSCALEC(*SCALE®,V, """, ERR)
CALL PSECOL(""*,180.0,1.0,"XARROW®/ERR)
CALL PSECOL(*™",180.0,1.0,°YARROW'/ERR)
CALL PSECOL(*"*,180.0,1.0,"2ZARROW*,ERR)
CALL PENDSCERR)

(2] [a Xa XNl

C COMPUTE PITCH AND FUTURE TRACK DATA FOR HUD
CALL PBEGS(*XYPTYH',ERR)
CALL PSEDCLI{*CLIP®,.FALSE.,""",ERR)
CALL PVIEWPC*™* 03,100/, e3¢1.0,1.0,1.0,""*,ERR)
CALL PWINDOC WUNDU s =110 11er=112r11.+0.,100.,""*,ERR)
CALL PLOOKAC'LOOK® AT, FM,UP,*™',ERR)
CALL PROTY(°ROTY',180.,*"',ERR)
CALL PSECOLC*™*,300.0,1.0,*""",ERR)
CALL PTRANSC(*TRNT*,V,*DIAMOND®*,ERR)
CALL PTRANSC'TRNZ®*,V,*DIAMOND®,ERR)
- CALL PTRANSC*TRN3I',V,"DIAMOND',ERR)
CALL PTRANSC'TRN&',V,*DIAMOND®,ERR)
CALL PTRANS('TRNS',V,"DIAMOND®,ERR)
CALL PSECCL(*"*,180.0,1.0,°XYAXIS',ERR)
CALL PTRANS{"SSTR®*,V,"™',ERR)
CALL PROTZI(*ROTZ2',0.,*"°,ERR)
CALL PROTXC'ROTX®,90.-,"STICKSTS',ERR)
CALL PENDS(ERR)

COMPUTE PIPPER DISPLAY DATA

oM

CALL PBEGS(°GUNSITE®,ERR)
- CALL PSEDCLC'"CLIP? ) . FALSE.»""*,ERR)
CALL_PVIEUP('”':'1-011-01’1-0:1.0:1.0:1.0:'"':ERR)
CALL PWINDOC 'WNDN® r=1er1er=12r1.,0e,100.,""",ERR)
CALL PLOOKAC*LOOK® AT, FM,UP,*™*,ERR)
CALL PSECOL("™?,120.0,1.0,"PIPPER’,ERR)
CALL PENDS(ERR)

COMPUTE DISPLAY DATA FOR RANGE, RANGE RATE,
FUEL AND TIME.

aNaNa¥al

CALL PBEGS('INFO*,ERR)
CALL PSEDCLC*CLIP*,.FALSE.,""*,ERR)
CALL PVIEWP(*™®,=1.0,1.0,~1.0,1.0,1.0,1.0,""",ERR)
CALL PWINDO(*WNDW®+,0.,80.,0.+,80.,0.,100.-,°"*,ERR)
CALL PLOOKAC*LOOK® /AT, FM,UP,"™",ERR)
CALL PSECHW(*™',""*,ERR)
CALL PCHSCAC*™*,1.,1.,""",ERR)
CALL PCMS(*™',0.+7%.r12ar1e,0.-,"RANGE (FT)',ERR)
CALL PCHS(* ' ,0es77ur1ers1.,0.,"RANGE RATE',ERR)
PCNS('"'IO.'75.11.11.10-1' FUEL USED.IERR,
PCHSC*' ' y0er?3crVart1ers0ar'TIME (SEC)*,ERR)

..........................

------------
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E-76
CALL PCHS('RANGE®/12¢/7%2¢1221.,0.,"000000°,ERR)
CALL PCHSC*RRATE®,122/77e¢1¢r1.,0.,"000000°,ERR)
CALL PCHSC'RFUEL'212.,752¢1.+1.+0.,'000000*,ERR)
CALL PCHS('RTIME®,12.s73e¢1421.+,0.,°000000°*,ERR)
CALL PENDS(ERR)

COMPUTE DISPLAY DATA FOR SPINNING SATELLITE

Py XTSRS

ey
la NaNal

CALL PBEGS('TARGT',ERR)
UNITS ARE IN METERS
CALL PSEDCL(*CLIP',.FALSE.,""",ERR)
CALL PVIEWP('"*,~1.0,1.0,-1.0,1.0,1.0,1.0,""?,ERR)
CALL PFOV(*FOV',35.0,1.0,3000.,*"",ERR)
CALL PLOOKA(C*LOOX®*,AT,FM,UP,*"*,ERR)
CALL PINST(*'™',*SATEL",ERR)
- CALL PENDS(ERR)

!

SR oo
)
o

PN

CREAYE A TODRS SATELLITE

[a N aNal

CALL PBEGS('SATEL*,ERR)
v(1)=-1.8
vV(2)=0.0
v(3)=0.0
CALL PTRANS('™',V,'"?,ERR)
CALL PROTX(*ROTX®*,0.0,""*,ERR)
V(1)=.2
v(2)r=,2
. vV(3)=.2
CALL PSCALE("™',V,"""',ERR)
CALL PSECOL('™*,2300.0,1.0,*"*,ERR)
p0 150 1=10,360,10
LONG=1]
CALL PROTX(*“*,LONG,*RTDRS*,ERR)
150 CONTINUE
CALL PENDS(ERR)

CREATE A SPINNING/INCLINED GLOBE OF THE EARTH.,
ADD A STAR FIELD AND SET THE ENTIRE PICTURE
COUNTER~ROTATING W.R.T. TARGET ORBIT.

ADD A STATIONARY HORIZION

[z N NaNalelNelal

CALL PBEGS('GLOBE*,ERR)
C UNITS ARE IN DU
CALL PSEDCLC('CLIP',.TRUE.,*""',ERR)
CALL PVIZWP('™ ', ~1.0,1.0,-1.0,1.0,1.0,1.0,*"',ERR)
CALL PFOV('™',35.0,.12ALT,
" HORT+.01,'" ', ERR)
CALL PLOOKA('LOOK®* AT, FM,UP,*™',ERR)
v(1)=0.0
V(2)=(-1.-ALT)
v(3)=0.0
CALL PTRANS(*™*,V,'"",ZRR)
CALL PINST(*"*,*HORIZION',ERR)
m _ CALL PROTI('TROT*,0.0,'"°,ERR)

CALL PSECCL(®*"',240.,1.,"""',ERR)
CALL PROTX(*"',90,.~INCLIN,""*,ERR)
CALL PROTY('EROY',0.0,°""',ERR)
CALL PINST(*"?,"WORLD*,ERR)

CALL PSECCL('"*,240.,0.0,*"*,ERR)
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. CALL PINST(*™*,*SPHERE"',ERR)
@ CALL PINST('™*,*LATLINE®,ERR)
CALL PENDSCERR)

CREATE A HORIION FROM A CIRCLE

CALL PBEGSC*HORIZON®,ERR)
UNITS ARE IN DU
V(1)20.0
_ V(2)=HORD
| - V(3)=0.0
5 CALL PTRANS(*™*,V,*"¢, ERR)
W - CALL PROTX(*"9,90.,%%*,ERR)
5 V(1)=HORR
e V(2)=v(1)
» - V(3)av(1)
CALL PSCALE(*™*,V,*CIRCLE',ERR)
CALL PENDSCERR)

(2] MHOM

Ay o B

CREATE A STAR FIELD

" "
et b

CALL PBEGSC(*STARS®,ERR)
UNITS ARE IN DU
CALL PSEDCL(CLIP ', . TRUE.,"""*,ERR)
j -~ CALL PV!EUP("'1'1.011-0r".011.011.011.OI'“'IERR)
o DSTARZHORT+.9#SQART((2. #ALT#+1.)*02-1.)
o CALL PFOV('"*,35.0,.1*DSTAR,DSTAR,*"*,ERR)
- CALL PLOOKAC'LOOK®,AT,FM,UP,*"*,ERR)
@ : V(1)=0.0
V(2)==1.=ALY
v(3)=0.0
. CALL PTRANS(°”"®,V,*"*,ERR)
- CALL PROTZ('TROT',0.,0,*"*,ERR)
B CALL PSECOL(*"',180.,0.,°"*,ERR)
CALL PROTY('™*,90., STARS.TWINKLE®,ERR)
CALL PROTX(***,90.,*STARS.TWINKLE®,ERR)
VI1)=1,42 #ALT
v(2)=v(1)
V(3)=v(1)
- CALL PSCALEC'TWINKLE®,V,*STAR',ERR)
CALL PENDSCERR)

«© (o I o W o )

1 8 a2

YN

BUILD A SPHERE FROM A CIRCLE

[a N ol g )

CALL PBEGS(*SPHERE®,ERR)
L _ po 200 1=10,180,10
> LONG=]
CALL PROTY(®*™",LONG,*CIRCLE®,ERR)
A 200 CONTINUE
CALL PENDSCERR)

BUILD A HEMI-SPHERE FROM A SEMI-CIRCLE

£a
g N Nal )

- CALL PBEGS('MEMI®,ERR)
SRS 00 222 1=15,180,15
B LONG=1
‘ . CALL PROTY(*™*,LONG,*SEMI',ERR)
2 222 CONTINVE
CALL PENDS(ERR)

i
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COMPUTE LINES OF LATITUDE USING CIRCLES R e

<
4
<
C

CALL PBEGSC'LATLINE',ERR)

CALL PROTX('™°*,90.0,°CIRCLE*,ERR)
3 CALL PROTX(*"*,9C.0,*LAT',ERR)
B CALL PROTX(*"*,~90.0,"LAT®,ERR)
) CALL PENDSCERR)

CALL PBEGS('LAT®,ERR) .
0 20 1=10,80,10
ANG=I%,.0174532925
v(1)=0.0
v(2)=0.0
V(3)=SINCANG)~SINCANG~.174532925) e
CALL PTRANS('™°®,V,'"',ERR) B
V(1)=CO0SCANG) R
V(2)=v(1) -
v(3)=0.0 L
CALL PSCALE("™',V,°CIRCLE®,ERR)
20 CONTINUE LT
CALL PENDS(ERR) tatas

VECTOR LIST FOR CIRCLE

(2 Ko Kol

00 10 1=1,73
ANG=5.0#(1~-1)#.01746532925 -
VECS(1,I)=COSCANG) e
VECS(2,1)=SIN(ANG)
VECS(3,1)=0.0 R
VECSC4,1)=1.0 S
10 CONTINUE T

NVEC=73 O
CALL PVCBEG(*CIRCLE® NVEC,.TRUE.,.FALSE.,3,PVITEM,ERR) s

CALL PVCLIS(NVEC,VECS,POSLIN,ERR) IR
CALL PVCEND (ERR)

VECTOR LIST FOR SEMI-CIRCLE

[a NalaNg)

D0 12 I=1,13
ANG=(=90.0+15.0«(1~-1))+.0176532925 S
VECS(1,I)=SINCANG) T
VECS(2,1)=CO0S (ANG) S
VECS(3,1)=0.C CA
VECS(4,1)=1.0 —

12 CONTINUE SN

NVEC=13 :
CALL PVCBEG('SEMI®*/NVEC,TRUE.,.FALSE.,3,PVITEM,ERR) e

CALL PVCLIS(NVEC,VECS,POSLIN,LRR) BRI,
CALL PVCEND(ERR) ) -

COMMANDS FOR HUD ROTATION EAGN

3
[a B aXeNal

SEND LABEL TO DIAL AND DECLARE ROTATE FUNCTION
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CALL PSNST(®' HUD *,1,°DLABEL1’,ERR)
CALL PFNC HUD®,° YROTATE',ERR)

CONNECT INPUTS TO ACCUMULATOR
CALL PFN(*ACC1*,"ACCUMULATE®,ERR)

CALL PCONNC°DIALS®,1,1,°ACCT1',ERR)
CALL PSNREA(18C.r2,°ACCT1*,ERR)
CALL PSNREA(1.,3,°ACC1*,ERR)

CALL PSNREA(=15.,4,"ACC1°,ERR)
CALL PSNREA(360.,5,°ACCT1°,ERR)
CALL PSNREA(O.,6,°ACCT1°,ERR)

»%a i fhe Ale pig a)

CONNECT ACCUMULATOR OUTPUT TO ROTATE FUNCTION

AND THEN TO PRCGRAM.

CALL PCONNC'ACC1°,1,1,"HUD",ERR)
CALL PCONN( MHUD®*,1,1,*XYPTH,ROTY"',ERR)

CALL NEEDED VECTOR LISTS

CALL VECTOR (°'DIAMOND*.,7)
CALL VECTOR (°RTDAS',S)
CALL VECTOR ('STICKSTS®,8)
CALL VECTOR (°*XYAXIS',6)
CALL VECTOR (°XARROW',6)
CALL VECTOR (°YARROW',6)
CALL VECTOR (*2ZARROW®,6)
CALL VECTOR (°*PIPPER', &)
CALL VECTOR (*WORLD®,5)
CALL VECTOR (*STAR', &)

DISPLAY ALL

CALL PDISP(*XYPTH®,ERR)
CALL PDISP(*GUNSITE®,ERR)
CALL PDISP('TARGT',ERR)
CALL PDISP(°GLOBE",ERR)
CALL PDISP(°*STARS',ERR)
CALL PDISP(*"INFO',ERR)
CALL POISP(*XYIVC',ERR)

DETACH GRAPHICS DEVICE
CALL PDTACH(CERR)

END
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’.‘::;{
pn SUBROUTINE PULSECCCUNT1,COUNT2,C1,C2,DEL,JET1,JETD) e
@. ¢ A
¢ DETERMINES HOW MANY PULSES ARE NEEDED FOR THRUST COMNMAND. :
_ 3 (COUNTY,COUNT2). RESETS CONTROL SWITCHES (C1,€2) TO
y ¢ EXECUTE PROPER NUMBER OF PULSES REGARDLESS OF THC/RHC
Y ¢ POSITION.
¢
3 INTEGER COUNT1,COUNT2,C1,C2
5 REAL JET1,JET2,DEL
v : COUNT DOWN ONE PULSE
¢
. COUNT1=COUNT1-1
: COUNT2=COUNT2-1
: _ ¢ IF JET1 OR JET2 IS ZERD, EXIT SUBROUTINE S
c - A ln
S If CABS(JETT) .LE. .00000001) 6J70 150 A
e R IF C(ABSCJET2) .LE. .000000C1) GOTO 150 T
o) (d - '_
" ¢ SET COUNTERS IF NOT PULSING FROM PREVIOUS COMMAND. L
d - ¢ N
¢ DEL - DESIRED VELOCITY INCREMENT R
’ ¢ JET1,2 - VELOCITY INCREMENT GAINED BY ONE PULSE ——
- - ¢ B
g IF (COUNT? .LT. 1) COUNT1=ABSCINT(CI«DEL/JET1)) e
% IF CCOUNT2 .LT. 1) COUNT2=ABSCINT(C2«DEL/JET2)) -~
D gy c e
& c SET CONTROL SWITCHES BASED ON COUNTERS o
X ¢
X - IF (COUNTY .6T. 0) C1=1
- IF (COUNT2 .GT. 0) C2=1
N ¢
! _ 150 ENOD
. N :
L
a3 -
A -
) 0
S e
R N
" e
T
o o
. :'- i
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SUBROUTINE QDOT(Q,WX,WY,WZ,DELTAT)

FIGURES QUATERNION RATE (QD) AND LINEARLY INTEGRATES

FOR TIME STEP DELTAT. R

REAL QC4),QD(4) o WX WY, WZ,DELTAT,CONSTY
INTEGER J

Q0(1)=(Q(2)wWI-Q(3) WY +Q(L)vUX )2 S5
Q0€2)=(-Q(1)*d2+Q(I) v X+Q (L) *UWY)*.5
QOC(3)= QLI *WY-Q(2) *WX+Q(4) #WI)*.5
ADC4)=(-Q (1) oWX-Q(2) 2 WY-Q(3)*WZ)*,5

00 100 J=1,4
QCI)I=QII*DELTATQ0(J)
CONT INUVE

NORMALIZE QUATERNIONS

CONST=SART(QA(1)«Q(1)+Q(2)+0(2)+A(3)+Q(3)+Q(4)*Q(4))
Q¢1)=Q(1) /CONST
QC(2)=Q(2) /CONST
Q(3)=Q(3)/CONST
Q(4)=Q(4) /CONST

END




@ SUBROUTINE ROTATECANG,DELTAT,wWB,Q,T)

<
4 LINEARLY INTEGRATES YO FIND ROTATION IN BODY FRAME, THEN
- C TRANSFORMS TO REFERENCE FRAME,
¢
REAL ANG(3),WB(3),DELTAT,QC6),T(3,3)
- o
c COMPUTE BODY RATES (ws)
C CANG IS ANGULAR ACCELERATION)
. _ C
WBC1)=uB(1)+DELTAT*ANG(T)
W9 (2)=uB(2) +DELTATAANG(2)
- WB(3)sWB(3)*DELTAT#ANG(3)
c
o FIND QUATERNION RATE AND INTEGRATE
- C el
CALL QDOT(Q,wB(1),UWB(2),WB(3),DELTAT) i
¢ AN
. ¢ COMPUTE ROTATION MATRIX
c
CALL TRNSFP(T,Q) O
. c AR
END Ay
{
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E-82
SUBROUTINE RTOB(T,REF,30D)

TRANSFORMS FROM REF TO 80D FRAME GIVEN TRANSFORMATICON ¥ATRIX T.

REAL T(3,3),REF(3),B0D(3) AN
30DCT)SREFCIICTCI, 1) *REFC2)«T(2,1)+REF(3I#T(3,1)
BOD(Z)SQEF(1)'T(1:2)*REF(2)'T(Z:Z)OREF(3)'7(3:2)
30DC3)=REFCII«TC1,3) *REFC2)«T(2,3)+REF(3)aT(3,3)
END

L
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SUBROUTINE SWITCH(S,L)
CONTROLS LIGHT PANEL FOR DAP BUTTONS
INTEGER SC24),L(24),FILLER
$ = SWITCH POSITION (1=TRIPPED,O=UNTRIPPED)

L = LIGHT (1=0N,0=20FF) _
FILLER - EMPTY VARIABLE TO BE USED AS FILLER WHEN CALLING MODE

CHECK SELECTION MODE

ol NN NaNaXal [a N o N o)

IF (S(1) .EQ. 1) L(1)=1
- If (SC(1) .EQ. 1) L(2)=0
IF (S(2) .EQ. 1) L(1)=0
IF (5C2) .EQ. 1) L(2)=1

CHECK AUTOPILOTYT MODE

[a N a N al

- IF (S(3) .EQ. 1) L(3)=1
If (S(3) .EQ. 1) L(4)=0
IF (SC4) .EQ. 1) L(3)=0
IF (S(4) EQ. 1) L(4)=1

¢
- C CHECK THRUSTER MODE
9

. IF (S(S) .€EG. 1) L(5)=1
@ IF (5¢5) .€Q. 1) L(6)=0
IF (SC€6) .EQ. 1) L(5)=0
IF (SC8) .EQ. 1) L(6)=1

- c
o CHECK X,Ys2 TRANSLATION MODES
<
- C CHECK LOW I MODE:
c
IF (SC(17) .EQ. 1) THEN
- L(17)=1
L(18)=0
L(21)=0
- L(24)=0
ENDIF
C
- CALL MODE(S(C16),5C19),5€22),L(16),LL19),L(C22))
CALL MODECO,S(20),SC23),FILLERA,L(20),L(23))
CALL MODE(S(18),5(21),5(24),LC18),L(21),L(24))
- C
IF CCLCI8)+L(21)+L(24)) .3T. O) LC17)=0
C
- ¢ CHANGE THRUSTER MODE If HI/LO Z SELECTED
4
TF CCLC17)+L(C18)) .GT. O) THEN
- L(S)=1
L(8)=0
.-, ENDIF
o C
<7 c CHECK ROTATION MODES
C
- CALL MOIDE(S(7),5€10),S5C13),L(7),LCIC),LCT3))
CALL "ODE(S(8),S(11),S(16),L(8),LC11),L(14))
S R
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CALL MODE(S(9),5(12),8C15),L(9),L(12),LC15))

END

SRR PP L Y NN Y rYYYY. ! P WY » RS
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SUBROUTINE THRUSTCJETSEL,A,ANG,GAS,C,PICK,TABLE)

TAKES JETSEL MATRIX AND SUMS ROWS AS COMMANDED BY C.
A =~ ACCEL XoY,T (FPS2,B0DY FRARE)
ANG = ANGULAR ACCEL Xo,Y,I (RAD/S2,BODY FRAME)
GAS -~ FUEL TAKEN FROM THREE TANKS
C(1-FORWARD, 2-RIGHT AFT, 3-LEFT AFT)

REAL JETSEL(44,9),A(3),ANG(3),GAS(]3)
INTEGER I,J,C(12),PICK,/SELECT(44),ROW,TABLE(L,12,9)

DETERMINE WHAT THRUSTERS HAVE BEEN COMMANDED TO FIRE

DO 145 I=1,44
SELECT(I)=0
CONTINUE

DO 175 I=1,12
If €C(1) .6T. 0) THEN
00 185 J4=1,9
ROW=TABLE(PICK,1,2)
IfF (ROW .GT. 0) SELECY(ROW)=1
CONTINUE
ENDIF
CONTINUE

SUM COMMANDED ROWS OF JETSEL

00 95 1s1,3
AC1)=0.0 s
ANG(1)=0.0 N,
GAS(I)=0.0 R

CONTINUE ' Doy

00 200 I=1,44 Pt
1F CSELECT(I) .GT. 0) THEN i
ACT)=ACTI)*JETSELCIL)
AC2)=AC2)+JETSEL(I,2)
AC3)=ACS)+JETSELC(I,3)
ANGC1)=ANGCI)+JETSELCL,4) e
ANGC2)=ANGC2)+JETSEL(1,S) NS
ANGC3)=ANG(3)+JETSEL(I,6) '
GAS(1)=2GASCI)4JETSELCI,7)
GAS(2)=GAS(2)+JETSEL(I,8)
GAS(3)=GAS(3I)+JETSEL(L,9)
ENDIF
CONT INUE
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- SUBROUTINE TRNSFM(T,Q)

COMPUTES TRANSFORMATION MATRIX (T) FROM JUATERNIONS (Q) e
-_ '37‘

REAL T(3,3),0(6)

[a N alal

T(1,1)=0(1)+Q(1)-Q(2)*Q(2)-Q(3)*Q(3)+a (&) *Q(4)
T(2,1)%2.0¢(Q(1)+2(2)+Q(3)#C(4))

T(3,1)=2.0¢CQC1)*Q(3)-Q(2)+Q(4))

T€1,2)32.0¢€QC1)%Q(2)~Q(3)*C (%))
T(2,2)=-Q(1)+QC1)+Q(2)+Q(2)~Q(3)*Q(3)+Q(4)»Q(4)
T(3,2)=2.0%(QC2)*Q(3)+Q(1)*2(4)) ’
T€1,3)=2.0+(Q(1)*Q(3)+Q(2)*Q(4))

T€2,3)22.00€Q(C2)*Q(3)~2(1)«Q(4))
T(3,3)=-Q(1)2Q(1)-Q0(2)#Q(2)+Q(3)»2(3)+Q2(4)*a(4)

END

..........

...............................
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E-87
SUBROUTINE UNITIZE(V)
UNITIZES V VECTOR
REAL V(3),mAGY

IF (ABS(V(1)) .LT. .1E-10) V(1)=.1E-10
IF C(ABS(V(2)) .LT. .1E-10) V(2)=.1E-10
IF CABS(V(3)) .LT. .1E=10) V(3)=.1E-10
MASV=SART(V(1) vV (1)+V(2)av(2)+V(3)2V(3))
v(1)=v (1) /NAGY

V(2)=v(2) /MAGY

V(3)=v(3)/mAGY

END
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SUBROUTINE VECTOR (NAME,LENGTH)

THIS SUBROUTINE READS A VECTOR LIST FROM VAX
FILE AND PUTS IT IN USABLE FORM FOR THE PS300

INCLUDE *[ALFANDIPROCONSTY.FOR/NOLIST®

INTEGER=4 IPOS, LENGTH, CLASS
REAL*& POINTS (4.,.2000)
LOGICAL*T POSLIN (2000), PL, VL
CHARACTER NAME#8, FILENAME#26

FILENAME="CALFANO.DATAJ " //NAMEC:LENGTH)/ /" .DAT®

OPEN ( UNIY=1, NAME=FILENAME,TYPE="OLD’,READONLY)

READ ( 1, 910) VL,IPOS

FORMAT ( A1,I10)

IF C(CVL.EQ.'C®) . OR., (VL.EQ.'C‘)) THEN
CLASS=0

ELSE IF ((VL.EQ."D"') .OR. (VL .EQ.'D')) THEN
CLASS=1

ELSE IF ((VL.EQ."I") ,OR. (VL EQ."I')) THEN
CLASS=2

ELSE IF C((VL.EQ.'S’) <CR. (VL .EQ.*S')) THEN
CLASS=3

ENDIF

DO 3410 1=1,IPOS

READ ( 1, 911) PL,(POINTS(X,I),K=1,3)

FORMAT ¢ A1, 3F12.8)

POINTS (4,I)=1

POSLIN{(I)=.FALSE.

IF ((PL.EQ."L®) .OR.( PL.EQ."L")) POSLINCI)=.TRUE.

CONTINUE

CALL PVCBEG (NAME(C:LENGTH),IPOS,oFALSEerFALSE.,3,CLASS,ERR)

CALL PVLLIS (IPOS,POINTS,POSLIN/ERR)
CALL PVCEND (ERR)

CLOSE (UNIT=1)

END

A AT - _~ S K .. . ‘-.
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SUBROUTINE WINDOW(T,TW,X1,X2,X3,TARG)

THIS SUBROUTINE COMPUTES THE TRANSFORMATION MATRIX
FROM REF TO WINDOW (TWw) USING THE MATRIX FROM BOD
TO REF (T). WINDOW IS ASSUMED TO HAVE -~X,~Z BODY
COMPONENTS. POSITION OF TARGEYT FROM WINDOW (TARG)
IS COMPUTED KNOWING POSITION OF SHUTTLE FROM TARGET
(X1, X2,X3).

WINDOW AXIS DEFINED AS FOLLOWS:

TARG(1) - INTO SCREEN

TARG(2) - LEFY

TARG(3) - uP

REAL T(3,3),TUWC(3,3),X1,X2,X3,TARG(3),C
C=SQRT(0.5)
COMPUTE TRANSFORMATION MATRIX

THNC1,1)==C2(T(1,1)4T7(1,3))
TWC1,2)==Ca(T(2,1)4+T7(2,3))
TW(1,3)==C2(T(3,1)47(3,3))
TW(2,1)=7T(1,2)
TW(2,2)=T(2,2)
TW(2,3)=T7(3,2)
TW(3,1)=C2(T(1,1)-T(1,3))
TW(3,2)=C»«(T(2,1)~-T(2,3))
THW(3,3)=Cx(T(3,1)~-T(3,3))

COMPUTE TARGET VECTOR
TARG(II == (X1#TWC1,1) +X24TW(1,2)¢X3xTW(1,3))
TARG(2)==(X1#TW(2,1)+X22TW(2,2)+X3+TW(2,3))
TARG(3) == (X12TW(3,1)4X2+TW(3,2)¢X32TW(3,3))

END
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